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G.1.Introduction

Piecoef+ module is used to model, in a refined manner, the behaviour of a single pile
submitted to transverse loads on the basis of a beam model on elastoplastic supports ("p-y"
type model).
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Figure G.1 : Piecoef+ model

It applies to the case of a variable inertia pile, in multilayer soil with elastoplastic behaviour
under various loading conditions.

It allows the plastification of the soil, a free displacement of "g(z)" type and the contribution of
shear force displacements to be taken into account.

The used method also allows the critical buckling forces as well as additional forces and 2"
order displacements to be assessed under an axial force.

Lastly, Piecoef+ allows the stiffness matrix at pile head to be calculated, which can for
instance constitute the preliminary step of a Groupie+ calculation for a pile group.
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G.2. Theoretical aspects

G.2.1. Pile modelling

The pile is considered as a beam with linear elastic behaviour. We consider the case of
beams with uniform cross-sections which allows bending behaviour to be dissociated from
the tensile/compression behaviour.

Bending behaviour of the beam representative of the pile can be addressed using the so-
called Bernoulli model which consists in neglecting the contribution of the shear force
displacements. With this assumption, the combination of the balance and behaviour
eqguations gives the following general equation:

8190 go) () w

Where:
o y(2) lateral displacement of the pile
e EI(2) product of inertia
e ((z) transverse load density on the pile (other than soil reaction)
e r(2) soil reaction density

This equation can be solved numerically by discretising the pile into beam finite elements. To
this aim, we use "conventional" elements with 2 nodes and 4 degrees of freedom: two
displacements and two rotations. At any points, the rotation of the beam coincides with the
lateral displacement field derivative (Bernoulli approximation). In the context of this
discretisation, the balance of the pile is represented by an equivalent matrix system of size
2(p+1) x 2(p+1) where p refers to the total number of elements:

Ke.yzFeXt -R® 2)
Where:

e K°: stiffness matrix of the pile consisting of the assembly of elementary stiffness
matrices;

e F® : load vector related to the transverse loads on the pile other than the soil
reaction;

e R°®: load vector related to soil reaction:;

e Yy : equivalent displacement vector consisting of the displacement and rotation at
each node.

6/101 June 2015 issue - Copyright @ Foxta v3 - 2011



c’ terrasol

PIECOEF+ - Foxta v3 user’s manual

setec

G.2.2. Modelling of soil reaction

Each layer of soil is considered as a distribution of adjacent springs with elastoplastic
behaviour according to a mobilisation law with three plateaux as shown on the figure below.

soil
reaction (kPa)
A
(3 plateau)
L -
ks, (2" plateau)
Py f------

ks, (15 plateau)
relative

displacement
> y-g

Figure G.2 : Lateral reaction mobilisation law

As shown on the above figure, the lateral reaction mobilisation law is expressed versus the
relative displacement of the pile with respect to the soil. This allows the case of a free
displacement g(z) developing in one or more layers of the soil to be directly processed.
According to the notations of the above figure, the lateral reaction of the soil r(z) is expressed
as follows:

r=aly-gl+p
Where:
e Forthe 1st plateau: «a =Es, & £ =0;
. Es, |.
e Forthe 2nd plateau: « =Es, & B =p; 1—E ;
e Forthe 3rd plateau: a =0 & P=0p,;

For the discretisation of the finite element model chosen for the pile, the soil reaction vector
is thus expressed according to following general formula:

R* =K (y—g)+c° ®3)
Where:

e K°® : soil stiffness matrix corresponding to elastic part of mobilisation curve in each
element;

e C°: equivalent load vector corresponding to the “constant" part of the mobilisation
curve in each element;

e (g : equivalent displacement vector corresponding to the free displacement of the
soil.
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The combination of equations (2) and (3) leads to the global formulation of the "pile + soil"
system:

(K*+K®)y=F* +K°g—c" (4)

The management of the soil plastification is done by an iterative process during which the

terms K® and ¢ change until a compatible solution is obtained, at all points of the pile, with
the soil lateral reaction mobilisation law.

G.2.3. Implementation

The use of the model is based on the establishment and solving of the equation system (4).
The elements of this system can be completed by support conditions introduced at any point
of the pile in the form of a point elastic support characterised by a stiffness in lateral
translation and a rotational force.

The solving of the final system gives the displacements, rotations and reactions at all points
of the pile. Knowing the reactions, moments M and shear forces T are then calculated by
integration according to the following general formula:

T(2)= [ Ta®)-r@®t+7(0)
M(z)= [ T(t)dt+M(0)

The model also allows an equivalent tangent stiffness system at the pile head to be defined
which is then used as input parameter for a global balance calculation of a footing on piles
with the Groupie+ module. The head stiffness system consists of a symmetrical 2 x 2
stiffness "matrix" and a "constant" term according to following general formula:

MR HIE
M head P2 P3)\@ head MO
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G.2.4. Buckling calculation
G.2.4.1. Introduction

Buckling is the occurrence of a non-null lateral displacement under the effect of an axial load
and in absence of lateral loads. This form of elastic instability appears at precise values of
the axial load applied, which are called "buckling forces". The minimum value of these forces
is called "critical buckling force".

A
A
i\
1
11
1
/1
'y
'y
/

Figure G.3 : Buckling

A direct analogy exists between buckling as elastic instability and "resonance" as dynamic
instability which appears for precise values of the excitation frequency.

The approach introduced into Piecoef+ is based on this analogy and leads to the search for
buckling forces according to the eigenvalue method benefiting from the matrix formulation
obtained from discretisation into finite elements.

G.2.4.2. Formulation

Let us consider the case of a pile submitted to two opposite compression forces at its two
ends. The 2nd order lateral balance of the pile is represented by the equation below:

d'y(z) , - d*y(z)

El +F =q(z)-rlz 5
dz4 dzz q( ) ( ) ( )
We search for the values of F allowing a non-null y(z) solution to be obtained for this
equation with no transverse loads on the pile q(z) = 0. Here, we are in the case of a locally
elastic behaviour of the soil (r = Es.y) which leads to the following equation:

d*y(z d?y(z
El %ﬁh Es.y(z)+ F%S):O (6)
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By adopting the finite element model presented previously, equation (6) is represented by an
eqguivalent matrix system:

(K*+K®)y—FMy=0 @)
Where:
e K°® : stiffness matrix of soil (1st order)

e KP®: stiffness matrix of pile (1st order)
e M : Trotations" matrix (2nd order)
System (7) can be rewritten as follows:
Ay=Fy where A=M™(K* +K®) 8)
By definition, F is a buckling force if and only if equation (6) and therefore (8) allows a non-

null solution y. Mathematically, this means that F is an eigenvalue of matrix A. Thus, to

search for the buckling forces of the "pile + soil" system, all we need to do is to search for the
eigenvalues of the associated A matrix. The critical buckling force is then nothing more than
the smallest eigenvalue of matrix A .

Piecoef+ program thus automatically constitutes matrix A and outputs all of its eigenvalues (=
buckling forces) and the associated eigenvectors (characteristic displacements of the
potential buckling mechanisms).

B # Bl(i) B = B(1) B = B(2 B = B3

- *

>

>

<
<
5

e

Mode 1 Mode 2 Mode 3...

Figure G.4 : Buckling modes and associated critical loads

This additional calculation is done at the end of the pile balance solving iterative process. It
therefore takes into account the stiffness of the pile, any support conditions, and the elastic
part of the soil reaction (Esl or Es2) obtained on balance under the considered load
conditions. In particular, in zones where the soil is completely plastified (3rd plateau), no
additional reaction is taken into account.

The results obtained are identical to those from bibliography for simple cases (Souche,
Mandel, Euler, etc.) or to those obtained by large displacement "step-by-step” numerical
processing.

10/101 June 2015 issue - Copyright @ Foxta v3 - 2011



c’ terrasol

PIECOEF+ - Foxta v3 user’s manual

setec

G.2.4.3. Taking 2nd order displacements into account

The search for buckling forces and associated displacements can be used as a basis for the
estimation of 2nd order displacements generated in the pile under the effect of an axial force.

We consider the case of a pile initially having a non-null y, displacement corresponding
either to a transverse load or, for example, to a defect in shape. This pile is then submitted to
an axial force which is supposed to be entirely recovered at base (failsafe approach). The

application of force F leads to an additional 2nd order displacement "y" as shown on the
figure below.

Fray

Initial

_— displacement
(initial loading or
defect in shape)

Resultant
__displacement
~ (initial + 2" order)

Xy

Figure G.5 :2nd order displacement under an axial load

The 2nd order balance of the pile can thus be written:

4

d'y dz
El = +E5y+F@(y+yO):O 9)

The discretisation of the pile into finite elements allows the previous equation to be
expressed in the form of a homogeneous matrix system without second member:

(K®+K®)y—FM(y+y,)=0 (10)
That is with the notations of system (8):
Ay=F(y+y,) (11)

With no initial displacement (y, = 0), we find system (8) verified by buckling forces F, and

associated displacements y; which are simply the eigenvectors of matrix A:

Ayi=F.yS (12)
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As matrix A is defined positive, its eigenvectors form an orthogonal base according to which
it is possible to split any vector of the same space. In particular, solution "y " of equation (11)

and initial displacement "y ," can thus be expressed as follows:
n n 0
y=Yay & Yo=Y} (13)
i=1 i=1

The ¢; ‘s being the unknowns of the problem, whereas the ‘s are known and can be
evaluated by projection according to the formula below:

o YiYo
i c 2
Yi
By combining equations (11), (12) and (13), we obtain the following system:
Zai Fy =F Z(ai +ai0)Yic (14)
i=1 i=1
That is, by projecting along each of the y;:
aF, =Fla +a?) i=1n (15)
Or again:
a, = F al i=1.n (16)

We therefore deduce the expression of the "resulting" displacement taking 2nd order terms
into account:

n n Fi
Y+Yo= Z(ai +aio)yic = z—aio Yi (17)
i=1 i=1 Fi -F
Thus, for each eigendisplacement y:, the resulting displacement is amplified by an

amplification factor > 1 with respect to the initial displacement.

In particular, we can see that when F tends towards one of the values of F;, the
corresponding amplification factor tends towards infinity. The pile thus fails under composed
bending before the critical buckling force is reached.

These developments are covered by a publication in the context of INGG 2012 (F. Cuira — A
simple method for studying buckling of a flexible pile in a multilayer soil — INGG Bordeaux
2012).
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G.2.5. Taking shear force displacements into account

All of the developments described previously are based on a discretisation of the pile into
thin beam elements. The thin beam assumption is implicitly introduced by adopting Bernoulli
model which consists in neglecting the contribution of the shear displacements (shear force).
The validity of this assumption requires a pile length/diameter ratio at least higher than 10 in
general or even 20 in certain support conditions. For a "short" or stiff pile and, generally, for a
pile where shear displacements cannot be neglected when compared with the bending
displacements, use of "Timoshenko" behaviour model adapted to thick beams is required.

The representation of this model by equations requires the definition, in addition to the
product of inertia, of the shear stiffness called GS’. For a pile of uniform section, this can be
estimated by the product of shear module G and "reduced" section S’ (see user's manual,
chapter G.3.3.2). The combination of the balance and behaviour equations gives the
following equation system:

GS'i( _ﬂqu(z)_ r(2)

dz dz

2
cslo-Y|re199 g
dz dz?

(18)

Where @ designates the distortion (or rotation) which, unlike the Bernoulli model, no longer
coincides with the first derivative of the lateral displacement vy .

This system is solved numerically by introducing a discretisation of the pile into thick beam
elements. The elements used are 2-node elements with 8 degrees of freedom: two
displacements, two rotations and their first 4 respective derivatives.

For this discretisation, the balance of the pile is represented by a matrix system similar to (2),
of size 4(p+1) x 4(p+1) where p designates the total number of elements.
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G.3.User’s manual

This chapter presents:
¢ the input parameters of Piecoef+ module.

Certain zones can only receive data with a physical signification (for example, an El
stiffness modulus must always be strictly positive).

Piecoef+ calculation parameter input window has 4 separate tabs. The data to be
completed at each tab depends sometimes on certain choices made by the user: for
example, the data to be completed for a pile calculation under transverse loads are
not all the same as for a specific buckling calculation.

Note: in Piecoef+ module, the user can process either a single pile or several piles
corresponding to different pile configurations for a given project (see paragraph G.3.1
below).

¢ the results supplied by Piecoef+ module. Here again, they depend in part on the data
entered by the user and especially the type of calculation.

This chapter does not detail the users’ interface itself and its handling operations (buttons,
menus, etc.): these aspects are dealt with in part C of the manual.

G.3.1. Pile management

Piecoef+ module allows one or more piles to be processed in the context of a given Foxta
project. However, the user works only on one of these piles at a time: the "active" pile is
displayed above the tabs of the data input window.

¢ When Piecoef+ module is first opened for a given project, the module has only one
pile (Pile 1/1). The user must therefore complete this first pile and can then, if
required, create additional piles (see below).

e When a previously completed Piecoef+ module is opened, the pile displayed by
default is pile 1/n (n being the total number of piles already created in the module).
The user can then select another pile, add or delete piles.

(| Fie 12 Example 01a [ 1)

O Parameters | O Soikgile | & External loads onpile | & Free giz) soil displacement

General settings

Calculation type

Figure G.6 : Management of piles in Piecoef+ module
The following operations can be done on the piles in Piecoef+ module:
e Add a pile: click ’i‘ button: Foxta adds a new pile to the project, independent of the

first one, with the same data input fields. Its number will be automatically
incremented:

e To duplicate the current pile, click |!| button: Foxta will add a pile identical to the
current pile to the project. The data is duplicated in this new pile but can be modified.

e To delete the current pile, click button.

e To display the next pile or the previous pile, click E or E| button.
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As stated previously, "work" can be done on only one pile at a time: the procedure is
therefore to select a pile, complete/modify its data, start the calculation then display the
results for this pile. The user can then select another existing pile or create another pile and
repeat these steps.

The following chapters describe the use of Piecoef+ for a given pile.

G.3.2. "Parameters" tab

H E Pile 1/2 : Calculation Tite E E @ @

T Parameters | o Soiljpile | @ External loads onpils | Free o(z) soi displacement

o1

General settings

Calculation typs

m - "
)I |3 Pile caleulation under fransverse loads v
o Reference elevation : 0.0 m M

C l based on pressuremeter data input (elasto-plastic) v

“12.0m ‘5 > if very rapid accidental loads applied at pile head are dominant ~

Calculation p:

0g-

Calculation it ‘ca\cu\atmn Tite ‘

Reference elevation (m) [ 000[Z]

Incination angle of the pie (*) [ 000[Z]

lements Opti
Al = Pile family Mo family ~
(Load D
= ]
Soil (il
® Caleulation —————————————
Cross-section
H Pieu ] [v‘\ 5 Starl calculation ) (1 See resufs

Figure G.7 :"Parameters" tab
G.3.2.1. "Calculation type" box

The Calculation type box allows several options to be selected thanks to 3 choice levels (cf.
Figure G.7). The first choice level fixes the framework for the calculation, the next two levels
control the definition mode for the mobilisation laws of the soil lateral reaction.

G.3.2.1.1.Pile calculation under transverse loads

This is the basic calculation mode (by default) allowing the modelling of a pile anchored in
soil with elastoplastic behaviour and submitted to the application of various transverse
loading conditions (point, distributed loads, free displacement g(z), 2nd order effects under
the effect of an axial force, etc.).

Four possibilities are then proposed to characterise the soil lateral reaction mobilisation law:

= From pressuremeter data (elastic): elastic mobilisation law characterised by a reaction
coefficient ks (kPa/m) defined from pressuremeter parameters:
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soil
reaction (kPa) — 18.E, © gaB
A T BT - o T §f C e
4 E.EE.E _E+3.u
| L B, B |
ks.. = 1— 18Eﬂ"' f B=B,
B (4(265+3.q| !
ks =P. ks,
relative
displacement
Zy-u

Figure G.8 : Soil lateral reaction mobilisation law: "from pressuremeter data (elastic)"

Where Ey, refers to the pressuremeter modulus, a the rheological factor, B the diameter
(equivalent) of the pile and B, the reference diameter taken as being equal to 0.6 m.

Parameter 3 depends on the types of loads and is controlled by the 3rd choice level
available:

e Under permanent loads: B=1
e Under short term loads: B=2

= From_pressuremeter data (elastoplastic): elastoplastic mobilisation law with three
plateaux characterised from pressuremeter values according to the figure below:

soil
reaction (kPa)
A
(3" plateau)
Pz |-
ks! = BZ- |<:snaf
P ===~
k$1 = Blr ksref
relative
displacement
> y-g

Figure G.9 : Soil lateral reaction mobilisation law:
"from pressuremeter data (elastoplatic)"

16/101 June 2015 issue - Copyright @ Foxta v3 - 2011



c’ terrasol

PIECOEF+ - Foxta v3 user’s manual

setec

The 3rd choice level allows values B, B2, p. and p, to be fixed according to the types of
loads:

Types of loads B1 B2 pl p2
If permanent loads applied at pile 0 *
head are dominant . P
If loads due to transverse earth 1/2 %
pressure are dominant . Pi
If short term loads applied at pile 0 Pr %
head are dominant ) P
If very rapid accidental loads applied 1 or*

at pile head are dominant

Where p¢* and p/* respectively refer to the net creep pressure and the net limit pressure
of the soil from the pressuremeter test. Note that for the case where pl = p2, B, =0 and
the mobilisation curve has two plateaux (elastic perfectly plastic).

= By manual input with 2 plateaux: this option enables the user to define a "manual”
mobilisation law with two plateaux (elastic perfectly plastic) by directly entering the values
of ks and pmax as shown on the figure below:

soil
reaction (kPa)

A

(29 plateau)

Pmax

ks (1% plateau)

relative
displacement

> y-g

Figure G.10 : Soil lateral reaction mobilisation law: "by manual input with 2 plateaux"

= By manual input with 3 plateaux: this option allows the user to define a "manual”
mobilisation law with three plateaux (two slopes and a plastification plateau) by directly
entering the values of ks, ks,, p; and p, as shown on the figure below.
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soil
reaction (kPa)
A
(37 plateau)
p2 ______________________________
ks, (29 plateau)
p'1 _________

st
ks, (1 plateau) relative

displacement
> v-9

Figure G.11 : Soil lateral reaction mobilisation law: "by manual input with 3 plateaux"

Note: Piecoef+ does not take the group effect into account. The user shall adapt the
mobilisation laws or the characteristics of the layers to simulate this effect.

G.3.2.1.2. Specific buckling calculation

This is a calculation mode specific to the calculation of the critical buckling load and of the
associated failure mechanism knowing that this result is also accessible from a "calculation
under transverse loads". The interest of this option is that the user shall only enter the data
required for the buckling calculation.

This calculation is done considering an elastic apparent response from the soil. This is
characterised by a reaction coefficient which can be estimated in two ways:

= From the pressuremeter data (elastic): where ks = KSs.

= By manual input (elastic)
G.3.2.2. "Calculation parameters" box

The Calculation parameters box allowing the following to be entered:

s | Bt | Dper | Moo | e,

Calculation title - - Always Yes -

Reference elevation m 0.00 Always Yes -

e ey | © | 000 | awas | ves -

Pile family - "No family" Always Yes -
Table G.1 : "Parameters" tab: "Calculation parameters" box
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The "Pile family" data is useful for a pile group calculation in combination with the Groupie+
module. In this case, the family allows a pile configuration to be identified and used for a
Groupie+ calculation (also refer to the Groupie+ manual — Part H and especially its tutorial
examples).

The "Load incrementation” button in the "Calculation parameters” box gives access to the

following window:
==X

MNumber of maximum iterations by increment .

Ok Cancel

b - e -

-
uid Load incrementation

Number of increments

€] [

Figure G.12 : Load incrementation

These parameters allow the iterative process related to the soil plastification management to
be controlled:

o The external load on the pile is subdivided into several "increments" (20 by default);

e For each increment, the soil reaction mobilisation level in each element is adjusted by
an iterative process (limited by default to 100 iterations).

Designation Units Default Dlsplay Mandatory Local
value condition value checks
Number of increments - 20 Always Yes -
!\Iumlper of maximum - 100 Always Yes -
iterations by increment
Table G.2 : "Parameters tab: "Load incrementation”

The values proposed by default are sufficient for most situations. However, the user can
check the convergence of the calculations by ensuring that an increase in the proposed
default values does not affect the results. If it does, the user shall increase the number of
increments.
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G.3.3. "Soil/pile" tab
Gk ]
(> < Pie 11 Example 1 E@ i3
55 | O Parameters | O Soilie | o Externalloads on pile | & Free g(z) soi displacement |
Soil/pile

Soil

B

W | Name Colour o | Ey | a |
o 1 lLayer 1 7,00 1,00E04] 0,50 0,60
2 JLayer2 -10,00] 2,50E04] 0,50 0,80

Z(m) I
o4 Reference elevation : 0.0 m

70m ud ‘avers number:2 @ . % m
= -100m | [0 consideration of shear force:
Name h ; B ! -
7.00 ,30E04| 20
3,00 6,20604] 20
3
] o
B A | 7 7 _
S— .
= Subdivisions v |

Charges réparties

— Charges ponctuelles

0o =&

o Calculation ——————————————————
Cross-section

1 @ { 2 Start calculation ) (= See resulls IE
ik

Figure G.13 : "Soil/Pile" tab

This tab includes the soil layers definition box and the pile definition and pile discretisation
box.

Foxta offers the possibility of saving soil layers in the soil database of the project and/or in
the global soil database by clicking button.

This saves the soil layers with their parameters to avoid re-entering them when creating a
new pile in Piecoef+ module or another Foxta project.

Use of the soil database is described in detail in part C of the manual.
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G.3.3.1. "Soil layers definition" box

Here, the soil cross-section is defined around the studied pile: the first table below lists all of
the soil parameters, independent of the type of calculation chosen. The correspondence
between the type of calculation chosen and the data to be effectively completed is given in
the second table below.

IMPORTANT: by convention, in Piecoef+, the base of the piles is defined at base of the last
soil layer. For example, to define a 12 m long pile, the soil cross-section must be defined

down to a depth of 12 m.

Designation of parameters Units Default D'SF’.'?‘V Mandatory Local checks
value condition value
1 m lower Separate
. than the Yes if values
Zpase: bottom level of the layer m layer base Always displayed decreasing
above with the depth
According to Yes if
En: pressuremeter modulus kPa - type of displayed >0
calculation
) , . According to Yes if
goéﬁ[\i/cl:?gr?[rds rheologic ) ) type of displayed O<a<l
calculation
B: drilling diameter m - Always _Yes i >0
| displayed
According to Yes if
Ps*: net creep pressure kPa - type of displayed >0
calculation
According to Yes if
P/*: net limit pressure kPa - type of displayed 2 Py
calculation
. - According to Yes if
Ks: reaction coefficient of the .
S;” : icl kPa/m - type of displayed 20
calculation
S According to Yes if
Pmax: plastification pressure of .
SomiTX P P kPa - type of displayed 20
calculation
. - . According to Yes if
Ks1: reaction coefficient of soil ) S
for the first plateau kPa/m i type of displayed | >0and 2 Ks
calculation
. e According to Yes if
Py: soil plastification pressure ) . S <
at the 1st plateau kPa type of displayed | =0 and =P,
calculation
. - . According to Yes if
Kso: reaction coefficient of soil i . S
for the 2nd plateau kPa/m type O.f displayed 20
calculation
P,: plastification pressure of According to Yes if
: kPa - type of . 20
soil at the 2nd plateau . displayed
calculation
Table G.3 : "Soil/Pile" tab: "Soil layers definition" box
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Type of calculation Type of data Soil data to be entered

From pressuremeter data (elastic) Zpases B, Emy @

From pressuremeter data

Pile calculation (e|a3t0p|astic) ZbaSEa Bv EM, Qa, pf*v pl*

under transverse loads

By manual input 2 plateaux Zpases B, K, Pmax
By manual input 3 plateaux Zpases B, Ks1, P1, Keo, P2
Specific buckling From elastic data Zpases B, Em, @
calculation By manual input Zoace, B, Ke
Table G.4 : "Soil/Pile" tab: "Sail layers definition" box —

Data required according to type of calculation chosen
Note: help diagrams are available for the "manual” input modes. An example of a help
diagram is given below. To access these diagrams, click | dl button below the table.

Wil Help for data input for different plateaux L&J

soil
reaction (kPa)

n

(3™ plateau)

P2 |-

P f-----

ks, (15 plateau)
relative

displacement
> y-g0

Figure G.14 : Help diagram illustrating the parameters of the 3-plateau "manual" behaviour law

G.3.3.2. "Pile discretisation" box

Here, the aim is to define the characteristics of the pile within each soil layer.

The number of subdivisions n controls the density of the finite element mesh considered for
the pile. It is recommended to refine the mesh as this does not greatly affect the calculation
time and guarantees a sufficiently accurate result.

Concerning the consideration of shear force, the contribution of these displacements is
generally negligible when the "length/diameter" ratio is higher than 10 or even 20 (thin beam
assumptions). For low slenderness ratio piles such as shafts for example, this assumption is
not valid and it may be necessary to adopt the general thick beam model which requires the
definition, in addition to the product of inertia, of the shear stiffness GS’ equal to the product
of the shear modulus G and the reduced section S’.

22/101 June 2015 issue - Copyright @ Foxta v3 - 2011




‘; terrasol

PIECOEF+ — Foxta v3 user’s manual

setec

Designation of Units Default Dlsplgy Mandatory value Local
parameters value condition checks
Tick box For %?I‘c':ll;il%tmns
‘consideration of - Unticked . . Yes if displayed
. calculation with
shear force "
lateral load" type
R Completed
H: soil thickness m - Always automatically -
El: product of inertia KN.m2 ) Always Yes >0
of pile
n: subdivisions
number inside the - 10 Always Yes 5<n<4000
layer
If the
GS': shear stiffness kN - ConS|derat|on' Yes >0
of shear force
box is ticked
Table G.5 : "Soil/Pile" tab: "Pile discretisation" box

For a homogeneous material, the shear modulus is expressed as a function of the Young’s
modulus E and the Poisson ratio v by relation: G = E/2(1+v). The reduced section S’ is
expressed as the section of the pile S multiplied by a reduction factor k depending on the
geometrical shape of the section, that is S’ = k x S. The figure below gives the values of k to
be considered for several current cases:

Sections pleines | Sechpns a parois minces
cianmia | ) it
//{///// Rectangle 4 u,,,I\, Tube circulaire
% kel 33 =
Cercle Tube carré
/ P
%’ k:%—o.asf k=0.416
/
Tube épais z ; SectionI (b = h)
1 T EF:
k= r— kz =0.32
& 742002 < z=03
Y? l ky = 0.69
T 14+b /32 b
. Ellipse f—h——nl Corniére (b = h)
& |, _1262%+b%) I I—»” EF:
2
— 40a°+16b° L z k=0.358
2a
- =t
; Demi-cercle Z Section U (b = h)
) T e EF:
9 ::7_ =0.766 4 K, =0.235
y = 0.863 L., y ky = 0618
1 zzzzra
re—>b—+=|

Figure G.15 : Values k to be considered for calculation of reduced section S’ for several current cases

Copyright © Foxta v3 — 2011 - June 2015 issue

23/101



‘; terrasol

PIECOEF+ — Foxta v3 user’s manual

setec
Solid sections Thin wall sections
Rectangle Circular tube
Circle Square tube
Thick tube Section |
Ellipse Angle
Half circle U section

Note: consideration of shear force is not accessible for a specific buckling calculation.

G.3.4. "External loads on pile" tab

L ILAE I -]

v

Fiie Project

<
> | | | Pie 11 : Calculation ttie | - @@ ]

 Parameters | O Soilipie | O External loads on pie | & Free ofz) soil displacement

or

External loads on pile'

Point loads normal to the pil

N z " M K 3
0 | 0,00 750,00 0.00 0,00E00] 0,00E00
1 [ .00 0,00 0,00 1,00E-01] 0,00€00
2 [ -10,00 0,00 0,00 0,00E00] 0,00€00

zm)I
o

Reference elevation : 0.0 m

-10.0m

oT1-

Prescribed di at pike head
[ [ Prescribed translation y (m) 350 £| [ Prescribed rofation w (rad) 3202 ‘

Muliple lods at the pile
[D Activate the multiple loading at pile head ‘

Distributed loads normal to the pi
[0 Activate distributed loads

opt
o @ [& -
e

Calculation

@ Cross-section
< \ﬂ Start caltu\m\nn/ 3 See resul

>

Subdivisions

A0 &I

—_ Charges ponctuelles

Figure G.16 : "External loads on pile" tab

This tab is used to define the various types of loads applied to the pile. Each type of load is
associated to a specific box.

Note: for a specific buckling calculation, only the "point loads normal to the pile" box is
accessible and only the point stiffnesses (K, C) can be defined.

G.3.4.1. "Point loads normal to the pile" box

This box is used to define the point loads on the pile. These are expressed in the pile local
coordinate system and include 4 components: a side force T (perpendicular to the pile), a
bending moment M, a point translation stiffness K and a point rotational stiffness C. These
stiffnesses are to be defined (if necessary) in addition to those (surface) representative of the
soil and defined in the previous tab.

The number of rows in this table is equal to the number of layers defined in the soil cross-
section plus one: indeed, the point loads normal to the pile can be applied only at the upper
and lower limits of the layer.
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REMINDER: the side force T is expressed in the pile local coordinate system; in particular,
for an inclined pile, this force remains perpendicular to the pile and is therefore not
horizontal.

o T SNk =l

Fie Project

z{m]I
o

_— - @

<
>| | <] Pie, ation title | J-

Parameters | O Soilipile | & Externalloads on pie | & Free otz) sol displacement
f

Reference elevation : 0.0 m

Point loads normal to the pik
N z " M K
| 0,00 750,00 0.00 0,00E00] )

1 -7,00 0,00 0,00 1,00E-01 0,00€00
L i 4
70m -10; - - 0,00E00) 0,00€00

2

-10.0m

o01-

Figure G.17 : "External loads on pile" tab — Point loads normal to the pile

Designation of . Default Display Mandatory Local
Units "
parameters value condition value checks
o Completed
N°: loads order - - Always automatically -
Z: load elevation M - Always Complgted -
automatically
T: point side force kN 0.00 Always -
M: point bending moment kN.m 0.00 Always -
K: restoring point but all
i i Yes but all can
stiffness in lateral KN/m 0.00 Always be nll >0

translation, normal to pile
axis (*)

C: restoring point
stiffness in rotation (**)

kN.m/rad | 0.00 Always 20

(*): To simulate a hinge, take K=1°10 KN/m.
(**): To simulate a beam clamping, take K=1°10 KN/m and C= 1°10 kN.m/rad.

Table G.6 : "External loads on pile" tab: "Point loads normal to the pile" box

Clicking | &l | button opens the load definition help window:

Ll Load definition help @
M Point moment
Point force T
Point
K translation
stiffness
Point
) ¢ rofatlon
= stiffness

Figure G.18 : Load definition help
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G.3.4.2. "Prescribed displacements at pile head" box

| Pile 1/1: Calculation title | j-

U Parameters | O Soilpie | & Exernal loads on pie | ¥ Free gtz) soi displacement

DS

External loads on pile

- Point loads normal to the pi

N z T M & c. ﬁ
0 | 0,00 750,00/ 0.0 0,00E00| 0,00E00)
1 | 7,00 0,00] 0,00/ 1,00E-01] 0,00200/%.
2 | ~10,00 0,00 0,00 0,00E00] 0,00E00
Pre; Splacements at pile \\ ﬂ
[ Prescribed translation y (m) 350 5| @) Prescribed rotation w (rad) 3 ‘
—— —
Muliple loads =TT —
{\j Activate the mutiple loading at pike head ‘
-Distributed loads normal to the pik
[0 Activate distributed loads

Calculation

Lu Start calculation ) [ . See resufis

Figure G.19 : "External loads on pile" tab — Prescribed displacements at pile head

With this box, the user can impose a translation or a rotation at pile head. The definition of a
prescribed translation (resp. rotation) at the head deactivates the prescribed side force (resp.
moment) at the head in the previous box.

Designation of Units Default Dlsplgy Mandatory value Local
parameters value condition checks
y: Imposed ransiation | ] ] Value to be defined if ]
b ' the tick box is ticked

and value
®: imposed rotation at Vv . .

; T alue to be defined if
pile head: tick box and ) - Rad ) - the tick box is ticked -

Table G.7

: "External loads on pile" tab: "Prescribed displacements at pile head" box

Note: the prescribed displacements at pile head will not be displayed or considered if multiple
loads at the pile head are activated.

26/101

June 2015 issue - Copyright @ Foxta v3 - 2011



" terrasol

PIECOEF+ — Foxta v3 user’s manual

setec
n H H n
G.3.4.3. "Multiple loads at the pile head" box
<
3| [ <] pie 11 : Example 3a | ) M@=
o Parameters | @ Soilpile | @ External loads on pile | O Free g(z) soil displacemenit
q
b External loads on pile
-Point loads normal to the pi
N Z. M K c | .
0 2,00 0,00 0,00 0,00E00 0,00E00)—=
1 1,00 0,00 0,00 0,00£00 o 00E00][®
- 2 -3,00 0,00 0,00 0,00E00 0,00E00|
Reference elevation : 2.0 m
)I '
°] . o
“40m
Muttipls s at the pie N
" Ctivate the muliple loading at pile head \
# T [l
] 1 400000 5000,00
. 2 £000,00 0,00
O\ 3 8000,00 -15000,0
-80m N 4 0,00 B
51 \ / |
Pie famiy ; Ko famiy \ 4 e AL T
[ Distributed loads normal to the pi
-] [ Activate distributed loads.
I N 71 2 Load 1 Load2 E
1 | 2,00 -1,00 0,00 1500,00 R
2 | -1,00 8,00 0,00/ 0,00/ E
) op
= o~ w
. Caleulation ————————————————
Cross-section
\ + # {( O Start calculation ) | -t See results @
- -

Figure G.20 : "External loads on pile" tab — Multiple loads at the pile head

This box allows the user to define several load cases (T, M) at pile head.

G.3.4.3.1.Activate the multiple loading at pile head

The data below is to be completed if the "Activate the multiple loading at pile head" tick box
is activated. In this case, at least one row must be entered in the corresponding table. Also,
all defined rows must be completed.

Designation of Units Default Dlsplgy Mandatory Local checks
parameters value condition value
N°: load case number ) ) Incremented i
at pile head automatically
o . For each line
-r:é;gje force at pile kN - created in Yes On each row,
the table one of the 2
- values must
M. bending moment at KN.M ) Yes not be null
pile head
Table G.8 : "External loads on pile” tab: "Multiple loads at the pile head" box

Reminder: the prescribed displacements at pile head will not be displayed or considered if
multiple loads at the pile head are activated.

The pile family is displayed under the table of this box (according to the data entered for the
"Parameters” tab). If a family has effectively been defined in "Parameters” tab, "load cases

import from Groupie+ wizard" is accessible by clicking {'ﬁ button. Its use is described in the

next subchapter.
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G.3.4.3.2.Load cases import from Groupie+

As stated previously, if a family has been defined in "Parameters"” tab, "Load cases import

from Groupie+ wizard" is accessible by clicking itﬂ‘ button. A specific wizard is then
displayed (cf. Figure G.21).

In "Import directory" box, indicate the directory where the Groupie+ calculation to be
imported is found. By default, the wizard displays the directory of the current project.
If need be, use Browse @ button. In the left hand box, Foxta displays the piles
available in the selected directory.

Select the chosen pile and the import axis (along Ox or along Oy): the calculation
date is displayed on the right. A warning message may tell that the calculation date is
old and ask the user to check the content of the imported values.

The values of the T and M pairs (Side force - kN - and Bending moment - kN.m)
contained in the selected file are displayed in the right hand box: these are the pairs
which will be imported if the user validates this window.

Indicate whether the existing pairs (T, M) in the current project must be replaced or
whether pairs (T, M) are to be added to the existing pairs of the current project.

Click ¢ 0K ) button.

[ Loads cases impart from Groupie wizard ==

import directory
[EUsersimto\Documents\Logiciels TerrasolFaxtav3\groupe de pieu\GROUPE DE PEUX [

groupe de pieux (Family A along Ox)
aroupe de piew (Family A along Oy)

(© Replace actual values

@ Add values after current values

) )
(_ Ok )(_ Cancel )

Figure G.21 : Load cases import from Groupie+ wizard

The data imported is now available in the form of load cases at the pile head (T, M) in
Piecoef+ module.
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G.3.4.4. "Distributed loads normal to the pile" box

<
3| | | Ple 111 : Example 3a | @ @ n
 Parameters | @ Soilpile | O External loads on pie | O Free o(z) soi displacement
f |
o External loads on pile
Point Ioads. normato the p
W z B u K =
0 | 2,00 0,00 0,00 0,00E00) 0,00E00(—
1 | -1,00 0,00 0,00 0,00E00 0,00€00 \‘
un 2 | 5,00 0,00 0,00 0,00E00] 0,00£00
Reference elevation : 2.0 m
1 I
°l o
P “om
Muliple lods at the pile
[¥) Activate the muttiple loading at pile head
# T [
e 1 4000,00 5000,00
2 6000,00) 0,00
3 8000,09 -15000,00
-80m 4 0,00 -15000,00
3
Pile family : No family L

Distributed loads < pi
1 A “Gistributed loads

ST-

7 » z4 z2 Load 1
1 | 2,00 -1,00 0,00
2 | -1,00 8,00 0,00 E
I\
op!
= Soil ™

® Calculation —————————————————————————
Cross-section

\ Pile (] {( & Start calculation ) | 1 See resuls E
., v

Figure G.22 : "External loads on pile" tab — Distributed loads normal to the pile

This box allows the user to define the distributed loads normal to the pile (local coordinate
system) in the form of a trapezoidal load on the thickness of each layer. These loads are
taken as positive from left to right.

The data below is to be completed if the "Activate distributed loads" tick box is activated:

Designation of Units Default Dlsp_lgy Mandatory value Local
parameters value condition checks
N°: loads order - - Complgted -
automatically

Z1: top level of the Completed

m - ; -
load automatically

- If 'Activate
Z2: base level of the m i distributed Comple_ted i
load L automatically
loads' is
Ch. 1: load value at KkPa 0.00 ticked ;
the top of the layer
Yes but all can be
Ch. 2: load value at null
the bottom of the kPa 0.00 -
layer
Table G.9 : "External loads on pile" tab: "Distributed loads normal to the pile" box

The number of rows in this table is therefore fixed: it is equal to the number of layers defined
in the soil cross-section and some data is completed automatically according to the soil
cross-section (however, it is possible not to define distributed loads in the table if the project
has none).
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G.3.5. "Free g(z) soil displacement " tab
Note: This tab is accessible only for a pile calculation under transverse loads.

This function (optional) allows the user to define a free g(z) soil displacement around the pile:
considering such a displacement implies that the lateral reaction of the soil does not depend
on the lateral displacement of the pile but on the relative displacement of the pile y(z) with
respect to the (free) displacement of the soil y(z)-g(z).

This free soil displacement generally occurs within a compressible layer under the effect of a
backfill built after the implementation of the piles as shown on the figure below.

Soft soil

e

-

Substratum

Figure G.23 : Example of development of a free g(z) displacement

<
> IE Pile 1/2 : Calculation titie ‘E EI IE ‘il
| @ Parameters | O Soifle | O External loads on pile | O Fres g(z) soi displacement |
o]
i
m)I { @) Define a g(2) displacement
o Reference elevation : 0.0 m
-2,67| 0,0300(~
m 3,01 0,0324]
33 0,0348|
367 10,0370}
o 40 10,0382
23 0,0412
57 0,0431
5,01 0,0448]
5,3 0,0453]
= 5,67 0,0475]
5
50 0,0425]
120m 63 0,044
567 00458
é_ 73 0,0458]
7 67| 0,0483]
30 10,0434
Bom 33 0,0471
) 0,0454)
: 9,01 00422
|
i 9,3 0,0406|
-9,67| 0,0374f
10,01 0,033
10,3 0,025
! 1067 0,0249)
& 1.0 v018|_|
op gile: e 1133 0,0137]%
Symb. Nomination ECT wizard Eg Import & Piecoe+ lateral displacement |H' |i |.'|%|‘i”
=
Calculation ———————————————————————
@® Cross-section P
\ File T Start calculation ) (s See results |

Figure G.24 : "Free g(z) soil displacement” tab
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G.3.5.1. "Free g(z) soil displacement” box

The data below is to be completed if the "Define a g(z) displacement" tick box is activated:

Designation of Units Default Dlsplgy Mandatory Local checks
parameters value condition value
Completed
Layer - - automatically -
according to Z
If "Define a The series of
) . i 9(2) values must
Z: elevation m displacement” ves be strictly
is ticked decreasing
g(2): free
displacement of m - Yes -
solil
Table G.10 : "Free g(z) soil displacement" tab "Free g(z) soil displacement" box

This table can be completed manually or automatically by the g(z) wizard described below.

Note: the free g(z) displacement can be introduced directly by any (z, g(z)) pairs. In
particular, Z values need not be compatible with the pile mesh. Indeed, the calculation
engine systematically applies a re-interpolation of these values to express the g(z) values at
the calculation points.

The free g(z) displacement is shown on the graphical representation:

Z(m)I

Reference elevation : 0.0 m

-10.0m

-13.0m

Figure G.25 : Graphical representation of the free g(z) displacement
G.3.5.2. g(z) wizard using Eurocode 7

This wizard generates, over the height of a given layer, a free g(z) soil displacement in
compliance with the provisions of the Eurocode 7 standard for deep foundations (NF P
94 262): this is a third degree polynomial function characterised by an amplitude gm.x and 4
coefficients Al to A4. The deep foundation standard proposes an empirical method for
evaluating the gnax amplitude of the g(z) function expressed as a percentage of the height of
the compressible layer. This percentage depends on the geometry of the backfill, the relative
position of the pile with respect to the base of the backfill and the available safety vis-a-vis
the stability of the whole.

For coefficients Al to A4, the deep foundation standard proposes two sets of coefficients
(curves | and Il in the interface) according to the presence or not of a less deformable layer
at the surface:
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e Set 1: to be used in the general case;

e Set 2: to be used in the case of a less deformable layer of significant height at the
surface (greater than 30% of the height of the compressible layer).

9(2)/9max
0 0,2 0,4 Q0,6 8 1

0
-
0,2 ~
: \
0,3 \

o) 0,4

R e E B / \
05 - /
0,7 // //
0.8 -1 // @—
0,2 :
1 i

Figure G.26 : g(z) function - Curves 1 and 2 as defined in Eurocode 7

. . . . \
This wizard is accessible by [ button:
f g(z) wizard using the Eurocode 7 @1

~Definition of compressible horizon

Herizen roof elevation Z1 (m)
Base elevation of the horizon Z... E

~Dimensionless definition

Al ECT curves

a2 )
At

~Amplitude

G ) [ oom[3]

g(z}=Gmax‘(A1+A2‘Z+A3‘22+A4‘Z‘3} with Z=(Z1-z}(Z1-22)

( Ok ) ( Cancel )

A

Figure G.27 : g(z) wizard using the Eurocode 7
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"Definition of compressible horizon" box

Designation of . Default Display Mandatory

parameters Units value condition value Local checks

Z1: hqnzon roof m 0.00 Always Yes Z21>72

elevation

Z2: base elevation of

the horizon m 0.00 Always Yes 71>72
Table G.11 : g(2) wizard: "Definition of compressible horizon" box

"Dimensionless definition" box

Designation of Units | Default value Dlsp_qu Mandatory Local checks
parameters condition value
Al - - Always Yes -
Coefficients Al
A2 - to A4 are Always Yes -
proposed
according to the
A3 ) deep foundation Always es )
standard
A4 - Always Yes -
Table G.12 : g(2) wizard: "Dimensionless definition" box

"Amplitude" box

Designation of parameters Units Default Dlspl_ay Mandatory | Local
value condition value checks

Gnax: maximum amplitude of free

displacement of soil in m i Always Yes i

compliance with the deep

foundation standard

Table G.13 : g(2) wizard: "Amplitude” box
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G.3.5.3. Import wizard for a Piecoef+ displacement

The user can import a Piecoef+ displacement by clicking button under the g(z) table:

{ill Import wizard for the giz) displacement from ancther calculation =)
Import directory

[EUsersimto\Documents\Logiciels TerrasolF oxtav3\picos MTOEXEMPLE 024 1 C bl

Exemple 100 {fegt) Caleulation date | Lundi 30 novembre 2015 16:50:00
Exemple 02a (Pile 2)

z=>g(z) values to import

B

PN

@ Replace actual values

(@ Add values after current values

( ) ( )
Ok )(_Cancel )

-

Figure G.28 : Import wizard for a Piecoef+ displacement

On the top of the window, Foxta indicates by default the directory and the name of the
current project. By clicking Browse (j button, the user can select another
project in the same directory or in a different directory.

Select a pile in the left hand box: the calculation date of this pile is displayed on the
right. A warning message may indicate that the calculation date is old and ask the
user to check the content of the imported values.

Foxta displays the values to be imported in the right hand frame "z => g(z) values to
import".

Indicate whether the existing g(z) values of the current project are to be replaced or
whether imported values are to be added after the existing values of the current
project.

Click button.

The imported values are now available in the project.

The number of rows in this table is therefore fixed: it is equal to the number of layers defined
in the soil cross-section and some data is completed automatically according to the soil
cross-section (however, it is possible not to define distributed loads in the table if the project
has none).
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G.3.6. "Initial displacement of pile yo(z)" tab
Note: this tab is accessible only for a specific buckling calculation.

This function (optional) allows the user to define an initial displacement yy(z) for the pile (for a
defect in shape for example). On the basis of this displacement, Piecoef+ evaluates the
bending loads and the 2nd order displacements generated by applying an axial force at the
head of the pile.

The data below is to be completed if "Define a yq(z) displacement" tick box is activated:

Designation of Units Default Dlsplgy Mandatory Local checks
parameters value condition value
Completed
Layer - - automatically -
according to Z
If "Define a The set of
. ; i Yo(2) values must
Z: elevation m displacement” Yes be strictly
is ticked decreasing
Yo(2): initial
deflection of the m - Yes -
pile
Table G.14 : "Free g(z) soil displacement" tab "Free g(z) soil displacement" box

This table can be completed manually or automatically by an import wizard the use of which
is identical to the one described in chapter G.3.5.3.

Note: the initial displacement yy(z) can be introduced directly by any pair (z, Yo(z)). In
particular, Z values needn’t to be compatible with the pile mesh. Indeed, the calculation
engine systematically applies a re-interpolation of these values to express the y,(z) values at
calculation points.

The free yq(z) displacement is shown on the graphical representation:

z (m)I

Reference elevation : 0.0 m

<100 m

-13.0m

Figure G.29 : Graphical representation of the initial yo(z) displacement
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G.3.7. Calculation and Results
G.3.7.1. Calculation
The calculation can be launched from any tab provided that the tabs are correctly completed,

that is when they are all marked by a green cross (for example: [& Parameters ).

These tabs are marked by a red cross (for example: whilst not correctly completed
(missing data or not complying with expected values).

To launch the calculation, click |_< Start calculation | button.
G.3.7.2. Results

To display the calculation results, click { ¥ See results ) button.

The window below is then displayed and proposes different types of results accessible after
a Piecoef+ calculation:

o 2 types of numerical results: formatted results and result tables.

e 2 types of graphical results: main curves and curves related to buckling.

_ - C )
Results Calculated : 2 minutes ago (Calculation date : Nov 30, 2015 4:42:01 PM) (_ 4@ Backiothedata )

Humerical I resutts

Formatted results. Result tables.

Graphical resuts

A
Curves related to bucking

% ]
/
Main curves

Figure G.30 : Results window

The chapters below detail the various results for a calculation case without multiple loads at
pile head. See chapter G.3.7.3 for the results of a calculation with multiple loads at pile head.
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G.3.7.2.1.Formatted numerical results

File : E:‘\Users‘mto‘\Documents'Foxtav3'picoef\EXEMPLE 01A\Exemple 01a[PC]-1.resu
calcul réalisé le : 27,/02/2012 3a 14h20
par : Terrasol
nb d'incréments : 020
itération : 003
Cote de référence : 0. 000
Inclinaison(®) : 0. 000
Type de calcul : Ccalcul de Pieu sous sollicitations latérales

Loi élastoplastique de mobilisation de 1a réaction latérale du sol définie a partir des caractéristiques pressiométriques

Type de sollicitations : 1. Cas ou les sollicitations permanentes en téte dominent

aractéristiques des couches (données utilisateur)

couche base EL EM alpha B pf pl
o1 -5.00 0.636E+05 5000. 00 0.33 0. 600 300.00 500.00
oz -12.00 0.636E+05 20000. 00 0.50 0. 600 2000.00 3000.00

Discrétisation du pieu (Paramétres du calcul)

Elément XL EI ks1%B p1*E ksz*B p2*E
001 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 000DE+00 0. 1800E+03
0oz 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
003 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
004 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
005 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
006 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
007 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
008 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
0039 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
010 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
011 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
012 0.267 0.6360E+05 0.1383E+05 0.1B00E+03 0. 0000DE+00 0.1B00E+03
013 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+00 0.1800E+03
014 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
015 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
016 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
017 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
018 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
019 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
020 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
021 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
022 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
023 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+D0 0.1800E+03
024 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+00 0.1800E+03
025 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+00 0.1800E+03
026 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+00 0.1800E+03
027 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0DODE+00 0.1800E+03
028 0.267 0.6360E+05 0.1383E+05 0.1800E+03 0. 0D0DE+00 0.1800E+03

Figure G.31 : Formatted numerical results (reminder of data)

The formatted results contain:

e A reminder of the data: general parameters, soil data, pile discretisation, defined loads,
etc. This first section also includes the list of calculation points (nodes) defined along the
pile in its local coordinate system.
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| 71 | ri rz | |y | IS5
| | =1 |1 |+ 1
I M| | r2 r3 | | w| | M
ri = 0.286BE+05 TO = -0.4793E-04
r2 = -0.2971E+05 MO = O0.5717E-04
r3 = 0.6150E+05
Déplacements et sollicitations en tout point du pieu
Notations
Z @ cote (longueur)
X : abscisse - repéere local du pieu (longueur)
y : Tleche absolue latérale du pieu (longueur)
w @ rotation (=dy/dx)
g : déformée libre du sol projetée (longueur)
M : moment Tléchissant (Torce x longueur)
T : effort tranchant (force)
r : réaction latérale du sol (force / unité de surface)

Elément 4 X v g w T M r palier
o001 0.000 0.000 0.489E-01 0. 000E+D0D -0.236E-01 0. 700E+0D3 0.170E-08 0.113E+04 1
o001 -0.132 0.133 0.457E-01 0. 000E+D0D -0.235E-01 0.613E+03 0.B75E+D2 0.105E+0D4 1
o001 -0.267 0.267 0.426E-01 0. 000E+0D0 -0.232E-01 0.531E+03 0.164E+03 0.982E+03 1
ooz -0.267 0.267 0.426E-01 0. 000E+0D0 -0.232E-01 0.531E+03 0.164E+03 0.982E+03 1
ooz —0. 400 0. 400 0.3395E-01 0. 000E+D0 -0.228E-01 0. 456E+03 0.229E+03 0.911E+03 1
ooz -0.533 0.533 0.365E-01 0. 000E+D0 -0.223E-01 0.386E+0D3 0.285E+03 0.842E+03 1
003 -0.533 0.533 0.365E-01 0. 000E+D0 -0.223E-01 0.386E+0D3 0.285E+03 0.842E+03 1
ooz -0.667 0.667 0.336E-01 0. 000E+00 -0.216E-01 0.321E+03 0.332E+03 0.774E+03 1
003 —-0. 800 0. 800 0.308E-01 0. 000E+0D0 —-0.209E-01 0.262E+03 0.371E+03 0.709E+03 1
o004 —0.800 0. 800 0.308E-01 0. 000E+D0 -0.209E-01 0.262E+03 0.371E+03 0.709E+03 1
oo4 -0.932 0.933 0.280E-01 0. 000E+DOD -0.201E-01 0.207E+0D3 0.402E+03 0.646E+0D3 1
o004 -1.067 1.067 0.254E-01 0. 000E+D0D -0.192E-01 0.158E+03 0.427E+03 0.586E+03 1
005 -1.067 1.067 0.254E-01 0. 000E+D0D -0.192E-01 0.158E+03 0.427E+03 0.586E+03 1
005 =1.200 1.200 0.229E-01 0. 000E+0D0 -0.183E-01 0.114E+03 0.445E+03 0.52BE+03 1
005 =1.333 1.333 0.205E-01 0. 000E+0D0 =0.174E-01 0.736E+0D2 0.457E+03 0.473E+03 1
o006 -1.333 1.333 0.205E-01 0. 000E+D0 -0.174E-01 0.736E+0D2 0.457E+03 0.473E+03 1
o006 -1.467 1.467 0.183E-01 0. 000E+D0 -0.164E-01 0.378E+D2 0.465E+03 0.421E+03 1
o006 -1.600 1.600 0.162E-01 0. 000E+D0 -0.154E-01 0. 608E+0D1 0.468E+03 0.373E+03 1
oo7 -1.600 1.600 0.162E-01 0. 000E+D0 -0.154E-01 0. 608E+0D1 0.468E+03 0.373E+03 1
oo7 -1.733 1.733 0.142E-01 0. 000E+0D0 —-0.144E-01 —0.219E+02 0.466E+03 0.327E+02 1
oo7 -1. 867 1.867 0.123E-01 0. 000E+0D0 —-0.135E-01 -0.463E+02 0.462E+03 0.284E+03 1
o008 -1.867 1.867 0.123E-01 0. 000E+DOD -0.135E-01 —0.463E+02 0.462E+03 0.284E+03 1
008 —2.000 2,000 0,106E-01 0, DODE+DD =0.125E-03 =0, 674E+02 0,45 4E+0 0, 244E+0 1

Figure G.32 : Formatted numerical results (start of results section)
e Results:

v' The stiffness matrix at pile head: stiffness coefficients p1, p2 and p3 and the values of
constants TO and MO at the head of the pile at point Co. These stiffnesses are
expressed in the local coordinate system of the pile, where:

o pl (kN/m):

o p2 (kN):

o p3 (kN.m/rad):
o TO (kN):

o MO (kN.m):

translation stiffness

"crossed" translation/rotational stiffness

rotational stiffness
translation force
moment

This stiffness matrix can then be used for the Groupie+ calculation on a group of piles
(importation into Groupie+ possible, see part H of the manual).

v" The table of displacements and loads at all points on the pile:

Z: elevation (m)

w: rotation (rad)

O O OO O OO0 0 0

T: shear force (kN)

M: bending moment (kN.m)

r: soil lateral reaction (kPa)

palier (plateau): indication of reached plateau

X: abscissa in the pile local coordinate system (m)
y: absolute lateral deflection of the pile (m)
g: projected soil free displacement (m)

38/101

June 2015 issue - Copyright @ Foxta v3 - 2011



‘; terrasol

PIECOEF+ — Foxta v3 user’s manual

setec

At the end of this table, the extreme values are displayed for each type of result.
v The buckling loads for each mode.

Charges de flambement pour chague mode
Mode Charge
001 0.273E+04
o0z 0.303E+04
o0z 0,473E+404
004 0.556E+04
005 0.615E+04
o0e 0.749E+04
o7 0.861E+404
oos 0.106E+05
ons 0.125E+05
010 0.149E+405
011 0.169E+405
01z 0.191E+05
013 0.203E+05
014 0.226E+05
01c 0,244E408
016 0.280E+05
017 0.291E+05
o1g 0.324E+405
o1s 0.353E+05
nzo 0,390E+05
0zl 0.429E+05
02z 0.471E+405
023 0.516E+05
024 0.563E405
025 0.612E+05
0ze 0.664E+05
0z7 0.718E+405
0zg 0.776E+05
0za 0.836E+05
030 0.898E+05
031 0.963E+405
032 0.103E+06
033 0.110E+06
034 0.118E+406
035 0.125E+06
[iET3 0.134E+406

Figure G.33 : Formatted numerical results
(start of results section for a buckling calculation)

G.3.7.2.2.Numerical results - Results tables

Pile family : No famiy Export <& Backto the index

( 7') [pl pzj{yJ { 1, ] e e e R T,
= + 13856605 -13591E05  3,0733€08 0,00 0,00| = 1,00E05 kN
M head LI VA, head MD Fersup : charge critique
de Flamb (borne
X Deflection W T T (@) supérieure issue de la

0,01 0,00E0( 0,01 0,01 0,01 0,0000[~| |méthode i‘ncz;")
0,1 0,00E0 0,01 0,01 0,0 0,0000
0.2 0,00E0 0,01 0,01 0,01 0,0000 X
0,2 0,00ED( 0,0¢ 0,00 0,01 0,0000) 0,01 -6,81E-01[A
0,3( 0,00ED( 0,0¢ 0,00 0,01 0,0000) 0,21 -5,TAE-1
0.4 0,00E0( 0.0 0.0 0,0 0,0000f 0.4 ~4.89E-01
0.4 0,00E0( 0.0 0.0 0,0 0,0000f 0.8 38401
0,5( 0,00ED( 0,00 0,00 0,00 0,0000[~] 0,8 -2,82E-01
0,5 0,00E0 0,01 0,01 0,0 0,0000 1,0 -162E-01
0,5 0,00E0 0,01 0,01 0,0 0,0000 L -5,48E-02]
0,70 0,00ED( 0,0¢ 0,00 0,01 0,0000) 1,41 2,94E-02]
0,8 0,00ED( 0,0¢ 0,00 0,01 0,0000) 1,61 1,20E-01
0,8 0,00E0( 0,0 0,0 0,01 0,0000] 18 2,08E-01
08 0,00E0( 0.0 0.0 0,0 0,0000] 2.0 282801
1,0 0,00E0( 0.0 0.0 0,0 0,0000] 233 422801
1,00 0,00E0 0,01 0,01 0,0 0,0000 287 541E-01
11 0,00E0 0,01 0,01 0,0 0,0000 30 647E01
1,2 0,00E0 0,01 0,01 0,0 0,0000) 3,33 7,296-01
1,20 0,00ED( 0,0¢ 0,00 0,01 0,0000) 3,67| 8,18E-01
1,3( 0,00ED( 0,0¢ 0,00 0,01 0,0000) 4,00 8,82E-01
1.4 0,00E0( 0.0 0.0 0,0 0,0000] 433 8.328-01
1.4 0,00E0( 0.0 0.0 0,0 0,0000] 487 8.888-01
1,50 0,00ED( 0,00 0,00 0,00 0,0000] 5,01 9,91E-01
1,6 0,00E0 0,01 0,01 0,0 0,0000 533 1,00€00|
1,6 0,00E0 0,01 0,01 0,0 0,0000 567 9,97E-01
1,71 0,00E0! 0,00 0,00 0,01 0,0000) 5,01 9,83E-01
1,81 0,00ED( 0,0¢ 0,00 0,01 0,0000) 6,33 9,58E-01
1,8 0,00E0( 0,0 0,0 0,01 0,0000] 667 8.248-01
1.9 0,00E0( 0.0 0.0 0,0 0,0000] 7.0 8E1E-01
2,01 0,00E0( 0.0 0,0 0,01 0,0000] 733 832801
2,01 0,00E0 0,01 0,01 0,0 0,0000 757 7I7E01
217 0,00E0 0,01 0,01 0,0 0,0000 01 TATE01
233 0,00E0 0,01 0,01 0,0 0,0000) 833 655601
2,33 0,00E0 0,00 0,00 0,01 0,0000] 8,67 5,90E-01
2,50 0,00E0! 0,00 0,00 0,01 18,0000 9,01 5,24E-01 \:

Figure G.34 : Numerical results — Table of results

These are the same results as those detailed for the formatted results in chapter G.3.7.2.1,
but presented this time in table form and without the data reminder part. Some results are not
displayed in these tables, such as the rotations for example.
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G.3.7.2.3.Graphical results - Main curves
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_L pile displacement y(z) _L Bending moment| _L Shear force 1Latera\ soil reaction
_L Projected free soil displacement g(z)
Miniliax bounds Min/liax bounds Min/ifax bounds Min/itax bounds
Min :[-1 42603 m | Max :[419E-01 m || min:[-158.21 kim | Max :[134378 khim || min:[381 12 | Max :[695,81 kn || min:[-275,70 kPa | Max :[485.44 kPa

Figure G.35 : Graphical results — Main curves

Note: these main curves are not accessible for a "specific buckling calculation”.

The main curves are the graphical display of 4 types of results:

The minimum and maximum values of the curve are given under each curve.

the lateral displacement of the pile (m) versus the local abscissa of the pile x(m);
the bending moment of the pile (kN.m) versus the local abscissa of the pile x(m);
the shear force in the pile (kN) versus the local abscissa of the pile x(m);

the lateral soil reaction (kPa) versus the local abscissa of the pile x(m).
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This window also includes a reminder of the family defined for the pile (on top of the window),
and a ( Groupie parameter3> button to access the pile head stiffness matrix (stiffness coefficients
pl, p2 and p3 and the values of pile head constants TO and MO0):

-
il Groupie parameters

==

[ 2P y ! 0
= + 1{
: head ;‘og p-“ @ head ! 0
Py Py P3 Ty Mg
16533E03  -62674E03  3,7298E04 689,77 _590,89

Figure G.36 : Groupie+ parameters

G.3.7.2.4.Graphical results - Curves related to buckling

Critical buckling load FCR = 2784 kN

E

Back to the inde
(< Back o the index )

X (m) (pile local coordinate system)
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Figure G.37 : Graphical results: Curves related to buckling

F applied at pile head

1000 2000 3000 4000
Bending moment (kN.m)

1F = 0% FCR _L F = 20% FCR

_LF =40% FCR F = 60% FCR

_LF = 80% FCR

2nd order calculation - Displacements amplification under axial 2nd order calculation - Moments amplification under axial force

5000 8000

In this window, Piecoef+ gives the critical buckling load value FCR (kN) and three sets of
curves:

e the critical buckling mode;

e the 2nd order calculation with amplification of the displacements under an axial force
F applied at pile head, expressed as a fraction of the critical buckling load;

e the 2nd order calculation with amplification of the moments under an axial force F

applied at pile head.
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G.3.7.3. Results for multiple loads at pile head
For a calculation with multiple loads at pile head, the results are presented in a slightly
different way:

e on the one hand, Piecoef+ displays the results for the various load cases at pile head,

e on the other hand, the Groupie+ parameters (stiffness matrix at the head of the pile)
and the curves related to buckling are not available.

The subchapters below detail the modifications in the display of the results (with respect to
the calculation cases without multiple loads at pile head) for each type of results
presentation.

G.3.7.3.1.Formatted numerical results

With respect to the results given in chapter G.3.7.2.1:
¢ The formatted file includes no stiffness matrix at pile head.

e The formatted file successively includes detailed results for each of the load cases at
pile head.

e The formatted file does not include additional results related to buckling.

Chargement en téte - cas de charge n* 0001 T = 4000.00
M = 5000.00
Déplacements et sollicitations en tout point du pieu

Notations

z : cote (longueur)

3 : abscisse - repére local du pieu (longueur)

v : Tléche absolue latérale du pieu (longueurd

w i rotation (=dy/dx)

g : déformée Tibre du 501 projetée (longueur)

M : moment fléchissant (force x longueur)

T : effart tranchant (force)

r : réaction latérale du sol (force f unité de surface]

Elément z X ¥ q w T M r palier
o001 2.000 0.000 0.176E-01  0.000E+00  -0.434E-02 0.400E+04 0.500E+04  0.920E-02 1
001 1.825 0.075 0.173E-01  0.000E+00  -0.433E-02 0. 400E+04 0.530E+04  0.903E-02 1
001 1.850 0.150 0.170E-01  0.000E+00  -0.431E-02 0.401E+04 0.560E+04  0.886E-02 1
00z 1.250 0.150 0.170E-01  0.000E+00  -0.431E-02 0.401E+04 0.5G0E+04  0.88EE-02 1

g 002 1.775 0.225 0.167E-01  0.000E+00  -0.430E-02 0.403E+04 0.530E+04  0.863E-02 1
: 00z 1.700 0.300 0.163E-01  0.000E+00  -0.428E-02 0.404E+04 0.620E+04  0.852E-02 1
003 1.700 0.300 0.163E-01  0.000E+00  -0.428E-02 0.404E+04 0.620E+04  0.852E-02 1
003 1.625 0.375 0.160E-01  0.000E+00  -0.427E-02 0.407E+04 0.651E+04  0.835E-02 1
003 1.550 0.450 0.157E-01  0.000E+00  -0.425E-02 0.410E+04 0.682E+04  0.819E-02 1
004 1.550 0.450 0.157E-01  0.000E+00  -0.425E-02 0.410E+04 0.682E+04  0.819E-02 1
004 1.475 0.525 0.154E-01  0.000E+00  -0.423E-02 0.414E+04 0.712E+04  0.802E-02 1
004 1.400 0.600 0.151E-01  0.000E+00  -0.422E-02 0.418E+04 0.744E+04  0.7BEE-0Z 1
005 1.400 0,500 0.151E-01  0.000E+00  -0.422E-02 0.418E+04 0.744E+04  0.78EE-02 1
005 1.325 0.675 0.148E-01  0.00DE+00  -0.420E-02 0.423E+04 0.775E+04  0.763E-02 1
005 1.250 0.750 0.144E-01  0.000E+00  -0.413E-02 0.428E+04 0.807E+04  0.753E-02 1
006 1.250 0.750 0.144E-01  0.000E+00  -0.418E-02 0.428E+04 0.807E+04  0.753E-02 1
006 1.175 0.825 0.141E-01  0.000E+00  -0.416E-02 0.434E+04 0.535E+04  0.737E-02 1
008 1.100 0.300 0.138E-01  0.000E+00  -0.414E-02 0.440E+04 0.872E+04  0.720E-02 1
o007 1.100 0,300 0.138E-01  0.000E+00  -0.414E-02 0.440E+04 0.872E+04  0.720E-02 1
007 1.025 0,575 0.135E-01  0.000E+00  -0.412E-02 0.445E+04 0.505E+04  0.704E-02 1
007 0.350 1.050 0.132E-01  0.000E+00  -0.409E-02 0.455E+04 0.939E+04  0.638E-02 1
00z 0.350 1.050 0.132E-01  0.000E+00  -0.403E-02 0.455E+04 0.939E+04  0.68BE-02 1
005 0.575 1.125 0.129E-01  0.000E+00  -0.407E-02 0.463E+04 0.574E+04  0.672E-02 1
00 0.800 1.200 0.126E-01  0.000E+00  -0.405E-02 0.472E+04 0.101E+05 0.656E-02 1
003 0.800 1.200 0.126E-01  0.000E+00  -0.405E-02 0.472E+04 0.101E+05 0.6E6E-02 1
LE] 0.725 1.275 0.123E-01  0.000E+00  -0.402E-02 0.451E+04 0.104E+05 0.641E-02 1
003 0.850 1.350 0.120E-01  0.000E+00  -0.399E-02 0.4591E+04 0.108E+05 0.625E-02 1
010 0.£50 1.350 0.120E-01  0.000E+00  -0.399E-02 0.491E+04 0.108E+05 0.625E-02 1
010 0.575 1.425 0.117E-01  0.000E+00  -0.397E-02 0.502E+04 0.112E+05 0. 609E-02 1
010 0.500 1.500 0.114E-01  0.000E+00  -0.394E-02 0.512E+04 0.116E+05 0.594E-02 1
011 0.500 1.500 0.114E-01  0.000E+00  -0.394E-02 0.512E+04 0.116E+05 0.594E-02 1
011 0.425 1.575 0.111E-01  0.000E+00  -0.391E-02 0.524E+04 0.120E+05 0.579E-02 1
011 0.350 1.650 0.108E-01  0.000E+00  -0.383E-02 0.536E+04 0.123E+05 0.563E-02 1
012 0.350 1.650 0.108E-01  0.000E+00  -0.388E-02 0.536E+04 0.123E+05 0.563E-02 1
012 0.275 1.725 0.105E-01  0.000E+00  -0.385E-02 0.549E+04 0.128E+05 0.545E-02 1
012 0.200 1.800 0.102E-01  0.000E+00  -0.382E-02 0.5G62E+04 0.132E+05 0.533E-02 1
013 0.200 1.800 0.102E-01  0.000E+00  -0.382E-02 0.562E+04 0.132E+05 0.533E-02 1
013 0.125 1.875 0.334E-02 0.000E+00  -0.379E-02 0.576E+04 0.136E+05 0.515E-02 1
013 0.050 1.350 0.566E-02 0.000E+00  —-0.375E-02 0.5ES0E+04 0.140E+05 0.504E-02 1
014 0.050 1.350 0.966E-02 0.000E+00  -0.375E-02 0.E30E+04 0.140E+05 0.504E-02 1
014 -0.025 z.025 0.938E-02 0.000E+00  -0.372E-02 0.605E+04 0.145E+05 0.489E-02 1
014 -0.100 2.100 0.510E-02 0.000E+00  -0.368E-02 0.620E+04 0.143E+05 0.475E-02 1
015 -0.100 z.100 0.310E-02 0.000E+00  -0.368E-02 0.620E+04 0.143E+05 0.475E-02 1

Figure G.38 : Formatted numerical results for a multiple load case at pile head
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G.3.7.3.2.Numerical results - Results tables

With respect to the results given in chapter G.3.7.2.2:

e this time, a selection list is available at the top of the window to select the load case
which results shall be displayed.

¢ the stiffness matrix at pile head is not displayed.

! Gl 7 s == N | E

’ ‘

<wm(amw |Neadhndmeﬁ—T=WDD‘0DMM‘00 ‘v‘) (" Ewort ) (Exportallthe load cases ) <& Back to the index
Saieclion —— T T ozh

0,0 1,76E-02 5000,01 4000,0 0,01 0,000~
0,07 173602 5300,07 002,31 0,01 0,0000]
0,15 170602 s600.55 4011,2 0,01 0,0000]
0,15 170602 s600.55 4011,2 0,01 0,0000]
023 167602 5901 81 402531 0,01 0,0000]
03 16302 52045 404459 0,01 0,0000]
03 16302 52045 404459 0,01 0,000
033 1,60E-02 550579 4070,31 0,01 0,0000]
045 157602 5315,19 410124 0,01 0,0000]
045 157602 5315,19 410124 0,01 0,0000]
053 154602 124,11 41373 0,01 0,0000]
06 151E-02 7436,0 479,99 0,01 0,0000]
06 151E-02 7436,0 479,99 0,01 0,0000]
053 148602 751,25 42273 0,01 0,0000]
075 1,44E.02 070,31 428124 0,01 0,0000]
075 1,44E.02 070,31 428124 0,01 0,0000]
032 141E-02 393,58 4340,3 0,01 0,0000]
0,9 138602 72148 440459 0,01 0,0000]
039 1,386-02 721,48 440458 0,01 0,0000]
097 135602 905447 44753 001 0,0000]
1,05 132602 939293 4551.2 001 0,0000]
1,05 132602 939293 4551.2 001 0,0000]
1,12 129602 973729 463279 001 0,0000]
1.2 126602 100830 419,98 001 0,0000]
1.2 126602 100830 419,98 001 0,0000]
1,27 1,2356.02 104454 41279 001 0,0000]
1,39 120602 10810,0 49112 001 0,0000]
1,39 120602 10810,0 49112 001 0,0000]
143 1A7E02 111823 501529 001 0,0000]
15 114602 115625 51243 001 0,0000]
15 114602 115625 51243 001 0,0000]
1,57 111E02 11851,1 524029 001 0,0000]
1,65 108602 123487 53612 001 0,0000]
1,65 108602 123487 53612 001 0,0000]
173 105602 127555 5487,79 001 0,0000]
1,8 102602 131720 619,97 001 0,0000]
1,8 102602 131720 619,97 001 0,0000]
1,88 EE 135986 5757,79 001 0,0000]
1,95 96660 140358 590122 001 0,000/

Figure G.39 : Table of results for a multiple load at pile head case

G.3.7.3.3.Graphical results - Main curves

With respect to the results given in chapter G.3.7.2.3:

e this time, a choice list is available at the top of the window to select the load case
which results shall be displayed.

e the "Groupie+ parameters" button is shaded: the stiffness matrix at pile head is not
accessible.
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Figure G.40 : Main curves for a multiple loads at pile head case

G.3.7.3.4.Graphical results - Curves related to buckling

The buckling results are not available for the calculation case with multiple loads at pile head:
these types of results are therefore not accessible in this case (button shaded).
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G.4. EXAMPLES OF PIECOEF+ CALCULATIONS

Piecoef+ module can perform several types of calculations related to a pile submitted to
transverse loads:
o the stiffness coefficients calculation (for further use in combination with Groupie+
module);
e calculation of the loads and displacements along a pile (considering a g(z) soll
displacement or not);
¢ the buckling and the second order effects calculation.

The 4 examples below illustrate these types of calculations.

G.4.1. Example 1: Calculation of a pile submitted to (T, M) loading at pile head

This example studies a pile submitted to side forces at the head.
e Firstly, we will study this pile assuming that the pile is vertical and that the behaviour
of the soil is elastic.
e Secondly, we will consider the same pile with an elastoplastic behaviour of the sail.
e Lastly, we will introduce an inclination for the pile.

G.4.1.1. Step 1: Vertical pile and elastic behaviour of the soil

e For this first step, we will consider a vertical pile with a diameter of 60 cm and a
length of 12 m, passing through 2 soil layers (sandy fill then marly substratum) the
behaviour of which is considered as elastic. This pile will be submitted to a horizontal
force at pile head of 700 kN and we assume null prescribed rotation at pile head
(beam clamping in a footing).

z (m)I

Reference elevation : 0.0 m

-8.0m

-120m
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G.4.1.2. Datainput

When the application is opened, Foxta proposes to:
e create a new project,
e Open an existing project,
e automatically open the last project used.

For this example:

e Choose to create a new project by selecting radio-button.
o Click button.

G.4.1.2.1.New project wizard

"File" box
e Complete the path of the project by clicking @ button.
e Give and save the name of the file.

"Project" box
o Enter a project title

e Enter a project number
e Add a comment if necessary
e Leave "Use the soil database" box unticked (the database will not be used in this

example), and click {_  Next ) button.

r 2
§iil New project wizard @
New project
Fil
[ File path (%) ;| 3cuments\Logiciels TerrasolFoxtav3\picoe AMTO\Exemple 01 a.fxp K )
r Project
Projectitle ():  [Example 01a

Project number (%) :| Example 01a ‘

Comments

(*) Theze fields are required |:| Use the =oil database Back { Next )
h

G.4.1.2.2.New project wizard: Choice of modules

In "Modules to use" window, select Piecoef+ module then click . Create ) button.

r 3
Ml New project wizard Iél
Modules to use
Modules
— ——
L 1 r
- = - -
« vy
TASPIE+ PIECOEF+ \ TASPLAQ L TASNEG
Y
TeY 1
f
i
TASSELDO FONDSUP FONDPROF GROUPIE+
. A . .
1 selected module(s) D Use the soil database ¢ Back { Create )
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Piecoef+ data input window is then displayed.
Complete the various tabs with the data proposed.

G.4.1.2.3."Parameters" tab

| Pile 111 : Example 01a | = EI@ ]

T Parameters | & Soifpils | & External loads on pile | & Fres g(z) soil displacsment

General settings

- Calculation typ:

Pile calculation under transverse loads v

b4
o

: l based on pressuremeter data input (elastic) -

) with permanent loads. v

r Calculation

Calculation title | Example 01a ‘

Reference elevation (m) | 0,00‘ C‘

Incination angle of the pile () [ 0.00[ <]

Pile family [ 1o ramiy [~]

Load incrementation..

- 7

Calculation

[\0 Start calculation ) (s See results ‘

This tab includes two boxes:

"Calculation type" box: select
e drop-down list 1: Pile calculation under transverse loads
e drop-down list 2: based on pressuremeter data input (elastic)
e drop-down list 3: with permanent loads

"Calculation parameters" box:
e Calculation title: Example 0la
Reference elevation (m): 0.0 m
Inclination angle of the pile: 0° (corresponding to a vertical pile)
Pile family: none for this example
Load incrementation: here, we will conserve the values proposed by default.

To go to the next tab, click either the name of the "Soil/Pile" tab or E button.
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G.4.1.2.4."Soil/Pile" tab

This tab concerns the definition of the soil layers and the discretisation of the pile.

o
[
]
z(mlI
- Reference elevation - 0.0 m
R
IS
S
& 80m
I
53
9 “120m
IS
X
2
@
opt
_ ceine || | [ 6]
Symb. Homination isible Q| |«
= ] sol v
Cross-section
\1 Fil ® o
- ™

"Soil layers definition" box:

setec
3| [ ie 11 Exemple 01a [l E @ -
@ Parameters | Soifple | O External lnads on pie | & Free g(z) soi displacement
Soil/pile
Soil
N Name. Colour P2 B
1 il 5,00 5,00£03 0,33 0,60
2 stratus -12,00] 2,00£04 0,50 0,60/
F—r sfaffal
h n
800 6,36E04] 30
4,00 6,36E04] 15
Di Lle |
ivisions number : 45 St

In this example, there are 2 soil layers to be defined.

The data to be entered is given in the table below.

Calculation

{ & Start caleulation ) | s See resufis

Important: by convention, in Piecoef+, the base of the piles is defined at the base of the last
soil layer. To define a pile with a length of 12 m, define the soil cross-section down to a depth

of 12 m.

Click @ button to create each layer.

The data to be entered is as follows:

Zoase (M) Ew (kPa) * B (M)
Name Bottom level Pressuremeter ngfgdii Drilling
of the layer modulus 109 diameter
coefficient
Sandy fill -8.0 5,000 0.33 0.60
Marly substratum -12.0 20,000 0.50 0.60

Note: the colour of each layer is proposed automatically but can be modified.

Piecoef+ allows saving these soil layers in the database of the project and/or in the global
soil database by clicking (@ oatabase | pytton.

48/101

June 2015 issue - Copyright @ Foxta v3 - 2011



‘; terrasol

PIECOEF+ - Foxta v3 user’s manual

setec

This allows the soil layers to be saved with their parameters to avoid re-entering them when
using another module for the same Foxta project or when creating another Foxta project.

The database will not be used in this example. Its use is however described in detail in part C

of the manual.
"Pile discretisation" box:

The layers defined previously are automatically transferred to this table.

The data to be entered is given in the table below.

Here the "Consideration of shear force" box is left unticked.

h (m) El (kN/m?) . bd_”_ _
Name il thi - ubdivisions
Soll thlckness_(completed Product o_f inertia number inside
automatically) of pile
the layer
Sandy fill 8.0 63600 30
Marly substratum 4.0 63600 15

The EI product defined here corresponds to a 60 cm diameter pile with a modulus of 10 GPa.

The number of subdivisions n controls the density of the finite element mesh considered for
the pile. Do not hesitate to refine the mesh as this does not greatly affect the calculation time
and guarantees a sufficiently accurate result. For this example, the number of subdivisions
has been defined as proportional to the thickness of each layer so that a constant calculation
step of 4/15 = 0.27 m can be used.

G.4.1.2.5."External loads on pile" tab

<
>

«n
m)I
o Reference elevation : 0.0 m
i
80m
5
“120m
-
s
| opt
ARV
e
Symb. Nomina tion Visible 4
= = IZ]
Cross-section
ﬁ Pik i} =
v

(| Pile 1/1 : Example 01a |

< Parameters

9 Soiliile [ & External loads on pile | & Free oz) soil displacement

HEE

Foint loads normal fo the pi

External loads on pile‘

I3 =

0,00 0,00E00] 0,00E00}

0,00 0,00E00 0,00E00)

n|=(o|®

n:nn| 0,00E00] 0,00E00)

at pile
[0 Prescribed translation y (m) 000 8

Wultiple loads at the pile
{ [0 Activate the mutiple loading at pile head

 Distributed Ioads normal to the pi

[ Activate distributed lvads

Calculation

[( T Start calculation ) | s See results
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"Point loads normal to the pile" box:

The data to be entered is as follows:

load elevation Z (m) (deduced from the elevations entered in the "Soil/Pile" tab)
point side force T (kN)

point bending moment M (kN.m)

restoring point stiffness in lateral translation K (kN/m)

restoring point stiffness in rotation C (kN.m/rad)

To apply a horizontal force of T = 700 kN to the head of the pile, the data to enter is as
follows:

Ne Z (m) T (kN) M (kN.m) | K (kN.m) | C (kN.m/rad)
0 0.00 700.00 0.00 0.00 0.00
1 -8.00 0.00 0.00 0.00 0.00
2 -12.00 0.00 0.00 0.00 0.00

Note: | a| button displays a help diagram which gives the sign convention and the meanings
of the parameters required:

{@l Load definition help X

M Point moment
N

Point force T

Point
K translation
stiffness
Point
H ¢ [rotation
2) stiffness
-

"Prescribed displacements at pile head" box:

The data to be entered is as follows:
e prescribed translation y (m)
e prescribed rotation o (rad)

Here, a null rotation condition is imposed on the head of the pile:

Tick box Values
y (m) No -
o (rad) Yes 0.00
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"Multiple loads at the pile head" box:

o Keep "Activate the multiple loads at pile head" box unticked.
"Distributed loads normal to the pile" box:

o Keep "Activate distributed loads" box unticked.

G.4.1.2.6."Free g(z) soil displacement" tab

"g(z) definition" box:

e Keep the "Define a g(z) displacement” box unticked.

Indeed, this function will not be used here.

G.4.1.3. Calculation and results

G.4.1.3.1.Calculation

Whilst the tabs are not all correctly completed, the button starting the calculation is marked
with a red cross: (_+= Start calculation )

Once all the data is correctly entered, (% Start calculation ) button becomes active (this button is
accessible from all the tabs).

Clicking this button starts the calculation.

To access the results in table and graphical form, click (¥ See resutts ) button.

G.4.1.3.2.Results

The types of results available (numerical and graphical) are given below:

i TG T
Results Calculated : 2 seconds ago (Cakulation date : Dec 2, 2015 4:06:18 PM) (& Backiotmeaata )

Humerical results

Formatted results. Result tables

Graphical resutts

h% ]
/ EY
Main curves

Curves related to bucking

For example, click "Main curves" button.
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— —
“Deftection,. Bending moment Shear force Lateral soil reactionm———"_
0o 0o 0o 0o
0s 0s 0s 0s
10 10 10 10
15 15 15 15
20 20 20 20
25 25 25 25
L] L] ap ap
—~ 35 = 35 = 35 = 35
£ £ £ £
L ap L ap L ap L ap
ES ES ES ES
o as & as & as o as
2z 2 2 2
W 50 % 50 % 50 % 50
£ £ £ £
F ss T ss T ss T ss
3 3 3 3
5 a0 S a0 S ao S ao
= z z =
T &5 T &5 T &5 T &5
= & & e
2 70 > 70 ® 70 @ 70
& 78 g 75 g 75 g 75
T =0 T =0 T =0 T =0
% s % s % s % s
o0 o0 o0 o0
as as as as
10,0 10,0 100 100
105 105 105 105
110 110 110 110
15 15 18 18
120 120 120 120
0000 0005 0010 0015 0020 0025 -s00 600 o400 200 0 200 400 0 100 200 300 400 SO0 60O 70O 0 o0 200 300 400 500 edo
Lateral displacement (m) M (kN.m) T (kN) p (kPa)
_Lwa displacement y(z) _1_ Bending moment _L Shear force _LLate\ al soil reaction
| Projected free soil displacement a(z)
WinMax bounds WinMax bounds Win/iax bounds Win/iax bounds
Min:[-9426-0¢m | Max:[2.44E-02 m || min:[72¢88 kim | Max :[151,25 kim ||| min:[-28.73 k0 | Max :[700,00 kv || | min:[-2885kPa | Max :[583,11 kPa

Results obtained:

Deflection: lateral
displacement (cm)

Min Max

Bending moment M
(KN.m)

Min Max

Shear force
T (KN)

Min Max

Lateral soil reaction p
(kPa)

Min Max

0.1 2.4

-725 151

-47 700

-39 563

The results obtained are consistent with those expected for a pile submitted to a horizontal
force at the head, with simulation of an elastic behaviour of the soil and null rotation condition

at the head. Indeed:

e We find the prescribed horizontal force of 700 kN at the head.

e The lateral displacement is maximum, as expected, at the head of the pile, with 2.4

cm.

e The moment is also maximum at the head of the pile with an absolute value of
725 kKN.m (beam clamping moment).
e Lastly, the lateral reaction is also maximum at the head of the pile with 563 kPa.
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Exporting data:

The ‘;’ button allows the user to export the curves to an image:

ua Export wizard @

Select an option below to export your data:

(® Image to the clipboard
Excel-formatted content to the clipboard
CSV content to the clipboard
(2) To an image file (. png)
icoe AMTOAEXEMPLE 014 PILE 1'export_courbes.png | ...
To an Excel file ( xls

sicoe AMTOAMEXEMPLE M A PILE1\export_courbes.xls

( Export :'Jlft Cancel T:il

G.4.1.3.3. Stiffness coefficients

These coefficients will not be used in this example (as we are not considering the behaviour
of a pile studied within a group of piles with the Groupie+ module), but we will nevertheless
comment on them for information purposes.

To obtain the stiffness results, click ( Groupie parameters ) button.

These stiffnesses are expressed in the local coordinate system of the pile, where:
e pl (kN/m): translation stiffness

p2 (kN): "crossed" translation/rotation stiffness

p3 (kN.m/rad): rotational stiffness

TO (KN): translation force

MO (kN.m): moment

i '1
Wi Groupie parameters ﬁ

/ o 1 P 2 .3 1 0
= =+ w
head "03 p-" @ head Mg
Py P Pg Ty My
2,8654E04  -29673E04 6 1440E04 0,00/ -0,00

(Expot ) ok )

Return to the window presenting the various results:

Click (« Back'to the i“dex) button to return to the screen allowing the various types of results to
be selected.
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G.4.1.3.4.Calculation variant
We will now do the same calculation, but replacing the prescribed rotation condition (null) at
the head of the pile by a very high restoring stiffness value for head rotation.

Record your project, then do a "save as" giving it a different name: "Example 0labis" for
example.

To modify the data, click (4@ Backtothedata ) button and return to "External loads on pile"
tab:

e Untick "Prescribed rotation " box to eliminate the null rotation condition at the head.

e Define C = 1°10 kN.m/rad at Z = 0 m (at the head of the pile): very high value for the
restoring stiffness for head rotation. This is an alternative way of simulating blocking
in rotation.

| Pile 1/1 : Exemple 01b | EI@ ]

@ Parameters | O Soiliple [*& Exernal loads on pile

& Free o(z) sail displacemert

External loads on pile‘

-Point loads normal to the pil

N z T 1 K c P,
0 0,00 700,00 0,00 0,00AQ0 1,00E10)

1 -8.00 0,00 0,00 0,00E00

2

12,00 0,00 0,00 0,00E00 0,00E00)

——
rad)

S o |

—

at pile
| (] Prescribed translation y (m) 000 3 (D Prescribed rotation w (i
~——

Muliple loads &t the pile head
{D Activate the multiple loading at pile head ‘

-Distributed loads normal to the pik
[ Activate distributed loads

Calculation

[\u Start ca\cu\atmn/ 3 See results

Start the calculation by clicking (¥ Start calculation ) button.

Then click ( & See results ) button:

The graphical results, "Main curves" show that the results are identical for the forces and
displacements: indeed a very high restoring stiffness at the head leads to the same
behaviour for the pile as a prescribed null rotation at the head.
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Pile family : No family  ( Groupie parameters

(_ <t Back to the index

00
05
10
15
20

25

X (m) (pile local coordinate system)

100
LE]
118

118

Deflection

X (m) (pile local coordinate system)

0.0
105
110

15

000 ooos oo opts 000 002
Lateral displacement (m)

_Lmle displacement y(z)

_L Projected free soil displacement g(z)

Min/ldax bounds

Min/lax bounds

Bending moment

X {m) (pile local coordinate system)

-800 -800 -a00 -200 o 200

M (kN.m)

_I_Eendmg moment]

100
105
1.0

15

Shear force

Lateral soil reaction
L]

05
10
15
20
25
EX]
35
40
45
50
55
80
85
70
75

8.0

X (m) (pile local coordinate system)

8.5
0.0
05

100

105

110

L]

00 0 100 200 300 400 500 8OO 700 0 100 200 300 400 500 800

Min/Max bounds

T (kN)

p (kPa)

T\ Lateral soil reaction

Min/Max bounds

Min :[-9,426 04 m | Max:[244E02m

Min :[-724,88 kim | Max :[ 151,25 km

Min :[ 46,73 kN

| max :[700.00 kn

Min :[ 38,86 kPa | max :[s63.12 ks

However, certain "Stiffness coefficients" ("Groupie+ parameters") have been affected:

i Group

ie parameters

B

I PP
M Py Py

head

head

r

]

M

+

0

Py

o Py

2,8654E04  -29673E04  1,0000E10

To

-0,00)

0,00

Cown ) (

Ok

D

In fact, these stiffness coefficients represent the apparent behaviour at the head of the "pile +
soil + point supports" system. Thus, the values obtained represent the behaviour of a pile the
head of which will always be blocked in rotation irrespective of the load applied.

However, when this blocking in rotation was simulated by a "null prescribed rotation”, this
was considered by the calculation engine as a "load case" and not as a support condition.
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G.4.1.4. Step 2: Elastoplastic soil

We will now do the same example as above but adopting an elastoplastic behaviour for the
soil (defined from pressuremeter results).

G.4.1.4.1.Modification of the data

Click 'C &@ Back to the data :I button.

Save the example above with a new name ("Example 01b" for example), then modify the
data as follows.

Return to "Parameters" tab:

"Calculation type" box:

e In the second drop-down list, select "Based on pressuremeter data input (elasto-
plastic)".

e In the third drop-down list, select "If permanent loads applied at pile head are
dominant":

| Pie 11 : Example 01b |

& Parameters | i Solipile | & Edernal loads on pils | & Free otz) sai displacement

IS

General settings

Calculation type

Pile calculation under fransverse loads v

{ | based on pressuremeter data nput (elasto-plastic) v

if permanent loads applied at pile head are dominant v

£ 4
>

Calculation parameters

Calculation title ‘Examp\e[ﬂb ‘

Reference elevation (m) [ 000[Z]

Inclination angle of the pie (*) [ a0,00[Z]

Pile family

[ o ramiy [~]
J

Calculation

o )
(2 start caleuiation )

The definition of the soil layers must be completed to take the elastoplastic behaviour into
account (moreover, the red cross on the "Soil/Pile" tab clearly indicates that the data is
incomplete): click "Soil/Pile" tab.

New columns appear in the upper table and must be completed: these are the PI* (net limit
pressure) and Pf* (net creep pressure) values for each layer.

Name Zpase (M) Em (kPa) o B (m) Pf* (kPa) | PI* (kPa)
Sandy fill -8.00 5,000 0.33 0.60 300 500
Marly -12.00 20,000 0.50 0.60 2000 3000
substratum
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|| Pie 171 : Exampie 016 [ |

wwE

| @ Paramsters [ & Solipile | & External loads on plle | & Free o(z) soil displacement |
I

Soil/pile

- Soil layars defini

N Name Colour = = B o B
1 Sandy fill 8,01 5,00E03) 0,33 0,81 300,01 500,00
2 Marly substratum 12,01 2,00E04) 0,51 0,51 200001 3000,00|
|| Lavers number: 2 [ oatabass LA . %I"=
[C] Consideration of shear force
‘Name h n
Sandy fill 8,01 6,36E04 30
Marly substratum 4,01 6,36E04 15

Divisions number : 45

Calculation

E’ ’V & Start calculation ) - Sesresufis

bd

Now, start the calculation by clicking button.

Then click button.
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G.4.1.4.2.Results

Main curves: Forces and displacements

Elastic calculation (reminder of previous results):

<& Backto the index

Pile famity : No family Groupie parameters
Deflection Bending moment shear force Lateral soil reaction
0.0 0.0 0.0 0o
05 05 05 05
10 10 10 10
15 15 15 15
20 20 20 20
25 25 25 25
20 20 20 30
~ 35 — 35 — 35 ~ 35
E E E £
L ap L ap L ap L a0
ES 2 2 £
i 45 i 45 i 45 in 45
o @ @ o
% 50 % 50 % 50 &% 50
c c c c
T 55 T 55 T 55 T 85
8 8 8 2
S &0 S &0 S &0 3 eo
= - - -
T s T e85 T e85 T 65
2 2 2 =
w 78 2 70 2 70 w 70
B 75 g 15 g 15 8 75
E a0 E 80 E 80 E 80
X 85 X 85 X 85 X 85
an a0 a0 20
a5 a5 a5 a5
100 100 100 100
105 105 105 105
10 10 10 10
18 18 18 1s
2 120 120 120
0000 0005 001 0015 0020 0025 -a00 0 200 400 0 100 200 00 400 500 8O0 700 0 1m0 20 300 40 s00  Goo
Lateral displacement (m) T (kN) p (kPa)
_LPiIe displacement y(z)
_l_Prn]etted free soil displacement g(z)
Min/Max bounds. Min/Max bounds- Min/Max bounds Win/Max bounds
Min :[9,42E.04m |Max:[2.44£ 00 m ]| | min:[T2488 K0m | Max :[151,25 kim ]| | min:[4873 k0 | Max : [700,00 k0 || | min:[-33.28 kPa | Max : [63,11 kP2
* Pile family : No famity & Back to the index
Deflection Bending moment shear force Lateral soil reaction
00 ¢ - - - 0.0 00 [ - - - 0.0 -
0s 05 0s 05
10 10 10 10
15 15 15 15
20 20 20 20
25 25 25 25
30 30 30 30
35 35 35 35
5 a0 5 40 5 a0 5 40
W n W i
P o 45 P o o4s
2 50 2 50 2 50 2 sn
[} T [} ]
c c c c
B 85 D 55 el 85 el 55
3 3 3 8
S eo 8 &0 S eo 8 &0
= et = et
T o5 T o5 T o5 T o5
5 ° 5 °
o 70 o 7.0 a 70 o 7.0
= = = =
= 78 = 75 = 78 = 75
£ 8o E w0 E sp E w0
% ES % %
85 BS 85 BS
20 00 20 00
a5 95 a5 95
100 10.0 100 10.0
105 108 105 108
10 10 10 10
1ns 1.8 1ns 1.8
120 12,0 120 12,0
000 001 Dg2 003 0p4 005 008 -1000 -500 0 400 0 100 200 300 400 SO0 800 700 400 50 O 50 100 150 200 250 300
Lateral displacement (m) M (kN.m) T (kN) p (kPa)
_Lwe displacement y(z)
_Lijacted free soil displacement g(z)
Min/Max bounds Min/fMax bounds Min/Max bounds Min/Max bounds
Min:[1,64£03 m | Max:[s.58E 02 m ]| | min : 1084 94 ktm | max :[296,35 im || wain: 82000 | Max : 700,00 kn || min:[ 232 kPa | max :[200,00 kP2
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Comparison of forces and displacements: Elastic/elastoplastic calculation:

Deflection: Bendin
lateral momeng[ Shear force Lateral soil reaction
displacement T (KN) p (kPa)
(cm) M (KN.m)
Min Max Min Max Min Max Min Max
E;?sa'l‘;tion 01| 24 725 | -151 | -47 | 700 -39 563
Elasto-
plastic -0.2 5.6 -1065 296 -92 700 -92 300
calculation

Note that the elastoplastic behaviour has introduced a "limit" for the soil’s lateral passive
earth pressure (plasticity): the soil cannot bear the same loading as in elastic behaviour:

e The lateral reaction is limited to the (net) creep pressure value and this limit is
effectively reached over almost 4 m at the head of the pile.

o The displacements are higher (the displacement value at the head has more than
doubled).

e The loads in the pile have also increased: moments and shear forces (except for the
value at the head, corresponding to the 700 kN value prescribed in the data).

Stiffness coefficients:

i '1
WM Groupie parameters I&

[ P P Y / 0
= . =+ 14
[ 2 N !
: head 2 ’0-‘ @ head 0
Py Py Py Ty Mg
3,6008E03 -1,0414E04 1,0000E10 453 85 -433 33

The stiffness coefficients have changed with respect to the previous step. The partial
plastification of the soil has thus led to a reduction of the "elastic" part of this stiffness matrix,
represented here by coefficients p;, p, and ps. Also, the nonlinearity of the behaviour of the
system generates a non-null term at origin, represented here by terms T, and M.
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G.4.1.5. Step 3: Inclined pile case

We will now start from the previous example (with elastoplastic behaviour) and introduce a
pile inclination of 30° from the vertical.

G.4.1.5.1.Taking 30° inclination into account

To modify the data, click (4@ Backiothedata ) button and return to "Parameters" tab:

"Calculation parameters" box:
¢ Inclination angle of the pile (from the vertical): 30°

Caution: this means defining a pile longer than before as its base is located by convention
level with the base of the last soil layer which is unchanged at elevation -12. The new length
of the pile is therefore equal to 12/cos(30°) = 13.86 m.

<
> | | | Pile 171 : Example 01c | IE@ &

T Parameters | Soifpie | O External loads on pie | & Free o(z) soi displacement
F

o

General settings

- Calculation typs

z (mlI
o Reference elevation : 0.0 m

» % Fie calculafion under iransverse loads. v
>l

‘[ l based on pressuremeter data input (elasto-piastic) v

of-

-120m

w
o ’ if permanent loads applied at pile head are dominant ~

-Calculation p:

ad Calculation fitle ‘ Example 01¢ |

Bl \ .
< cination angle of the pile (%) [ 30005
Options ‘ 5
_ @Al = ile family Liotazi v
symb. e visivie 2] | [
ailG b (Load )
= Soil [l
o Calculation
’ Cross-section
Y = L] ! [( T Start calculation ) (= See resulls IE
- -

Also, the force applied to the head is a side force, expressed by convention in the local
coordinate system of the pile and is therefore perpendicular to the pile: therefore, the force
T =700 kN is now also inclined by 30°.

Save your project under a different name: "Example 01c" for example.

Start the calculation by clicking (¥ Start calculation ) button.

Then click ( ¥ See results ) button.
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G.4.1.5.2.Results

Main curves:

3 Pie famity : No famity  (_Groupie parameters ) (L&t Backtothe index |
Deflection Bending moment Shear force Lateral soil reaction
oo oo a0 00
o5 05 05 05
10 1.0 10 10
15 1.5 15 15
20 20 20 20
25 25 25 25
30 a0 a0 En
as as as as
a0 a0 40 40
o 50 ¥ s0 ¥ s0 2 50
o 85 o 55 o 55 o 85
2w T es T o T e
8 70 S 7o S 7o 8 7o
.| B s T s T s T 78
e & & 2
. o 80 o B0 o B8O o 8O
8 e85 B as B as g 85
T s T 0 2 60 T w0
X o8 X o5 X o5 X es
100 100 100 100
105 05 105 105
1o 1o 10 110
"s "5 15 15
120 120 120 120
125 12,5 12,5 12,5
130 130 13,0 13.0
135 135 135 135
0,00 0.01 0,02 0,03 004 005 0,08 1000 500 o -100 0 100 200 300 400 500 60O 700 50 ) 50 100 150 200 250 300
Lateral displacement (m) M (kN.m) T (kN) p (kPa)
_Lwe displacement y(z)
| Projected free soil displacement a(2)
MiniMax bounds. Win/lax bounds Winlizx bounds Hinilizx bounds-
Min :[1,85E03 m | Max:[s61E02m ]| | win :[-1068.47 kiim | Max : [29472 kim || in:[-91.24 k0 | Max : [700,00 kn || win:[-5819 kPa | max : (300,00 kpa

All the results are expressed in the local coordinate system of the pile: in particular, the
lateral displacement is an upward displacement inclined 30° from the horizontal.
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They are also expressed in the local coordinate system. Note that the "palier" (plateau)
column gives the mobilisation state of the lateral reaction of the soil in each element. It varies
between 1 and 3 according to the total number of plateaux comprising the mobilisation curve.
In particular, the value 1 always corresponds to a pure elastic state whereas a value higher
than or equal to 2 corresponds to a partial or total plastification state.

A
Déplacements et sollicitations en tout point du pieu

Motations

Z : cote (longueur)

% : abscisse - repére local du pieu (longueur)

v : Tléche absolue latérale du pieu (longueur)

W i rotation (=dy/dx)

g : déformée Tibre du sol projetée (longueur]

M : moment fléchissant (force x longueur)

T : effort tranchant (force)

r @ réaction latéral du sol (force / unité de surface)

ETément z ® ¥ g w T ] r palier
001 0.000 0.000 0.561E-01 0.000E+00 0.000E+00 0.700E+03  -0.107E+04 0.300E+03 z
ool -0.133 0,154 0.559E-01 0.000E+00  -0.245E-02 0.672E+03  -0.3E1E+03 0.300E+03 z
ool -0.267 0.308 0.554E-01 0.000E+00  -0.466E-02 0.645E+03 -0, 353E+03 0.300E+03 2
o0z -0.267 0.308 0.554E-01 0.000E+00  -0.466E-02 0.645E+03  -0.353E+03 0.300E+03 2
o0z -0.400 0.462 0.545E-01 0.000E+00  -0.662E-02 0.617E+03  -0.762E+03 0.300E+03 2
ooz -0.533 0.616 0.533E-01 0.000E+00  -0.835E-02 0.589E+03 -0, 66IE+03 0.300E+03 H
o0 -0.533 0.616 0.533E-01 0.000E+00  -0.835E-02 0.555E+03  -0.6EIE+03 0.300E+03 2
[iliES -0.667 0.770 0.519E-01 0.000E+00  -0.986E-02 0.561E+03  -0.581E+03 0.300E+03 z
ooz -0.800 0,324 0.503E-01 0.000E+00  -0.112E-01 0.534E403 -0, 437E+03 0.300E+03 z
004 -0.300 0,524 0.503E-01 0.000E+00  -0.112E-01 0.534E+03 -0, 437E+03 0.300E+03 2
004 -0.933 1.078 0.4B5E-01 0.000E+00  -0.123E-01 0.506E+03  -0.417E+03 0.300E+03 2
o04 -1.067 1.232 0.465E-01 0.000E+00  -0.132E-01 0.47BE+03  -0.341E+03 0.300E+03 2 a
005 -1.067 1.232 0.465E-01 0.000E+00  -0.132E-01 0.476E+03  -0.341E+03 0.300E+03 H
005 -1.z200 1.386 0. 444E-01 0.000E+00  -0.133E-01 0.45LE+03 -0, 263E+03 0.300E+03 2
oog -1.333 1.540 0.423E-01 0.000E+00  -0.145E-01 0.423E+03  -0.202E+03 0.300E+03 z

3 005 -1.333 1.540 0.423E-01 0.000E+00  -0.145E-01 0.423E+03  -0.202E+03 0.300E+03 z

: 006 -1.467 1.654 0. 400E-01 0.000E+00  -0.143E-01 0.395E+03  -0.133E+03 0.300E+03 2

* 005 -1.600 1.848 0.377E-01 0.000E+00  -0.152E-01 0.367E+03  -0.304E+02 0.300E+03 2
oo7 -1.600 1.848 0.377E-01 0.000E+00  -0.152E-01 0.367E+03  -0.Z04E+02 0.300E+03 z
007 -1.733 2.001 0.353E-01 0.000E+00  -0.153E-01 0.340E+03  -0.253E+02 0.300E+03 2
007 -1.867 2.155 0.330E-01 0.000E+00  -0.153E-01 0.312E+03 0.242E+02 0.300E+03 2
filit -1.867 ERTH 0.330E-01 0.000E+00  -0.183E-01 0.312E+03 0.242E+02 0.300E+03 z
ooz -2.000 z.z208 0.306E-01 0.000E+00  -0.182E-01 0.284E+02 0.702E+02 0.300E+03 2 [~
003 -2.133 2.463 0.253E-01 0.000E+00  -0.150E-01 0.257E+03 0.112E+03 0.300E+03 2
003 -2.133 z.463 0.2E3E-01 0.000E+00  -0.150E-01 0.2E7E+03 0.112E+03 0.300E+03 z
ooz -2.267 2.617 0.260E-01 0.000E+00  -0.146E-01 0.229E+03 0.143E+03 0.300E+03 z
003 -2.400 2.771 0.238E-01 0.000E+00  -0.142E-01 0.20LE+03 0.152E+03 0.300E+03 2
010 -2.400 2.771 0.238E-01 0.000E+00  -0.142E-01 0.201E+03 0.182E+02 0.300E+03 2
010 -2.533 z.328 0.216E-01 0.000E+00  -0.138E-01 0.173E+03 0.211E+03 0.300E+03 2
010 -2.667 3.0738 0.196E-01 0.000E+00  -0.132E-01 0.146E+03 0.236E+03 0.300E+03 H
o1l -2.667 3.078 0.196E-01 0.000E+00  -0.132E-01 0. 146E+03 0.236E+03 0.300E+03 2
011 -2.800 3.233 0.176E-01 0.000E+00  -0.126E-01 0. 118E+03 0.256E+03 0.300E+03 z
011 -2.933 3.387 0.157E-01 0.000E+00  -0.120E-01 0.903E+02 0.272E+03 0.300E+03 z
o1z -2.833 3.387 0.157E-01 0.000E+00  -0.120E-01 0.903E+02 0.272E+03 0.300E+03 2
012 -3.067 3.541 0.139E-01 0.000E+00  -0.113E-01 0.626E+02 0.284E+02 0.300E+03 2
o1z -3.200 3.698 0.122E-01 0.000E+00  -0.106E-01 0.349E+02 0.291E+03 0.300E+03 2
[ -3.200 3.695 0.122E-01 0.000E+00  -0.106E-01 0.349E+02 0.291E+03 0.281E+03 1
[ -3.333 3.848 0. 106E-01 0.000E+00  -0.991E-02 0. 106E+02 0.295E+03 0.245E+03 1
013 -3.467 4.003 0.314E-02 0.000E+00  -0.919E-02  -0.104E+02 0.295E+03 0.211E+03 1
014 -3.467 4.003 0.314E-02 0.000E+00  -0.919E-02  -0.104E+02 0.295E+03 0.211E+03 1
old -3.600 4.157 0.778E-02 0.000E+00  -0.845E-02  -0.284E+02 0.252E+03 0.173E+03 1
014 -3.733 4.311 0.653E-02 0.000E+00  -0.778E-02  -0.436E+02 0.286E+02 0.151E+03 1
o1g -3.733 4.311 0.653E-02 0.000E+00  -0.778E-02  -0.43GE+02 0.286E+03 0.151E+03 1
015 -3.867 4.465 0.538E-02 0.000E+00  -0.710E-02  -0.563E+0Z 0.278E+03 0.124E+03 1
015 -4.000 4.618 0.434E-02 0.000E+00  -0.644E-02  -0.GGEE+DZ 0.265E+03 0.100E+03 1
015 -4.000 4.613 0.434E-02 0.000E+00  -0.644E-02  -D.GEEE+DZ 0.263E+03 0.100E+03 1
016 -4.123 4.77% 0.340E-02 0.000E+00  -0.580E-02  -0.74EE+0Z 0.258E+02 0.784E+02 1
016 -4.267 4.927 0.255E-02 0.000E+00  -0.515E-02  -0.812E+0% 0.246E+03 0.583E+02 1
017 -4.267 4.327 0.255E-02 0.000E+00  -0.513E-02  -0.812E+02 0.246E+03 0.583E+02 1
017 -4.400 5.081 0.180E-02 0.000E+00  -0.462E-02  -0.B5EE+0Z 0.233E+03 0.415E+02 1
017 -4.533 5.235 0.113E-02 0.000E+00  -0.406E-02  -0.B89E+0Z 0.220E+03 0.261E+02 1
013 -4.533 5.23% 0.113E-02 0.000E+00  -0.406E-02  -0.B8SE+02 0.220E+02 0.261E+02 1
018 -4.667 5.383 0.546E-03 0.000E+00  -0.355E-02  -0.307E+02 0.206E+03 0.126E+02 1
018 -4.800 5.543 0.370E-04 0.000E+00  -0.306E-02  -0.913E+0Z 0.192E+03 0.854E+00 1
ma _4 20 £ ca 0 370F-n4 0 OAAFenn - £_n —n a13can 0 182E4n 0 BEAELOn 1
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G.4.2. Example 2: Pile submitted to a lateral displacement g(z) of soil

This second example allows us to consider the case of a pile with elastoplastic behaviour of
the soil, submitted not to loads at head, but to a lateral earth pressure represented by a "free

displacement” called g(z).

The example will be first run for 18 m long and 1 m diameter vertical piles with imposed null
displacement at head. A variant will also be proposed with more flexible piles (35 cm in

diameter).

A last part of the example illustrates the manual input of a 3-plateau behaviour law rather

than the use of pressuremeter parameters.

Z(m)I

Elevation reference: 0.0 m

-120m

-18.0m

G.4.2.1. Step 1: Elastoplastic behaviour and g(z) curve

We will first define 1 m diameter and 18 m long piles with an elastoplastic behaviour of the

soil (defined from pressuremeter test results).

G.4.2.2. Datainput

e Choose to create a new project by selecting radio-button.

e Click button.

If Foxta is already open, click "File", "New project” menu.
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File box
e Complete file path by clicking @ button.
e Give a name to the file and save it.

"Project" box

e Give the project a title.
Enter a project number.
Add a comment if required.

example) and click ‘"¢t

Leave "Use the soil database" box unticked (we will not use the database for this

Wil New project wizard

Fil

r Project

Project title (*)

Project number (*) | Exemple 2a

Comments :

(*) These fields are required

button.
5]
New project
[ File path (*) || ocuments\Logiciels TerrasohFoxtav3ipicoeAMTO\Exemple 02a. fxp K )
| Exemple 2a |
|
[[] Use the soil database Back [ Hext

G.4.2.2.2.New project wizard: Modules to use

In "Modules to use" window, select Piecoef+ module then click ( Create ) button.

fiil New project wizard

=)

Modules

—_—
Y

TASPIE+

Modules to use

———————

-

<

-

PIECOEF+

- -
¥y

TASPLAQ TASNEG

Ty

TASSELDO
A

FONDSUP

r
1
f
i
FONDPROF

GROUPE=

1 selected module(s)

[[] Use the soil database

\
Back { Create

The Piecoef+ data input window is d

isplayed.

Complete the data tabs on right-hand zone of screen.

64/101

June 2015 issue - Copyright @ Foxta v3 - 2011



" terrasol

PIECOEF+ - Foxta v3 user’s manual

setec

G.4.2.2.3. "Parameters" tab

| Pile 1/1 : Exemple 02 | j @@ ]

& Parameters | o Soilpile | & External loads on pile | & Fres (z) soil displacement

General settings

- Calculation typ

»l|a Pile calculation under transverse loads v

[ l based on pressuremeter data input (elasto-plastic) v

> if loads due to transverse earth pressure are dominant v

- Calculation parameter:

Calculation title | Exemple 02a ‘

Reference clevation (m) [ 000 Z]

Incination angle of the pie (*) [ ooo[Z]

Pie famiy [1vo famiy [+]
(Loadincrementation_._)

(¥

Lo Start calculation ) |t See results ‘

This tab includes two boxes:

"Calculation type" box: select

e drop-down list 1: Pile calculation under transverse loads
e drop-down list 2: Based on pressuremeter data input (elasto-plastic)
e drop-down list 3: If loads due to transverse earth pressure are dominant

"Calculation parameters" box:

Calculation title: Example 02a

Reference elevation: 0,0 m

Inclination angle of the pile: 0° (vertical pile)

Pile family: no family

Load incrementation: here, we will keep the default values.

To go to the next tab, click either name of "Soil/Pile" tab or button.
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G.4.2.2.4. "Soil/Pile" tab
N ‘) | Pile 141 : Exemple 02a | j» ‘E@ 13
‘(  Parameters [0 Soilpile | o Externaloads on pile | & Free u(z) soi displacemert |
~ Soil/pile
o-[m)I Reference elevation : 0.0 m - N MName  Colour Zm Eu B P o
%‘ il Layers number -3 ' i .""Q'j
’:J (L] Consideration of shear force
Fl ‘ e i - 2,00 - 4,91ED! 1';
E Nomination visible |2 Divisions number : 60 “‘ﬁ‘i
Soil ™
| Wl oo [ e s
This tab is used to define the soil characteristics and the pile discretisation.
"Soil layers definition" box:
Create three soil levels by clicking @ button to add each layer.
The data to be input is as follows:
Name Zpase (M) | En(kPa) o B (m) Pf* (kPa) | PI* (kPa)
Subgrade -2,0 20000 0,33 1,0 700 1000
Soft clay -12,0 2000 0,50 1,0 100 200
Dense sand -18,0 30000 0,33 1,0 2500 3500
Note: We will not use the database for this example.
"Pile discretisation" box:
The data to be input is as follows:
e Leave "Consideration of shear force" box unticked
Layer h (m) El (kN.m?) n
Subgrade 2,0 491000 10
Soft clay 10,0 491000 30
Dense sand 6,0 491000 20

The EI product defined here corresponds to a concrete pile, with a solid circular section of 1
m in diameter. The concrete modulus is taken as equal to 10,000 MPa.
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The discretisation has been defined with respect to the thickness of each layer but without
attempting to find the same calculation step in each layer as this is not mandatory and does
not affect the results provided the mesh is sufficiently refined.

G.4.2.2.5."External loads on pile" tab

< Piie 1/1 : Exemple 02a | @ @ 1
& Parameters | O Soilpile [ & External laads on pie | & Free o(z) soi displacement

External loads on p|'|e‘

Point loads normal to the pile

z T M K c %
0,00 0,00 0,00 0,00E00) 0,00E00|—

2,00 0,00 0,00 0,00€00) 0,00E00]%
-12,00 0,00 0,00 0,00E00) 0,00E00)
-18,00 0,00 0,00 0,00€00) 0,00E00

wlml=loE

Prescribed displacements at pik head
[¥) Prescribed translation y (m) (] Prescribed rotation w (rad) 000 2

Wultiple loads at the pile head
[0 Activate the multiple: loading at pile head

Distributed loads normal to the pile

[ Activate distributed loads

Calculation

(& Start calculation ) | s See resulis >

"Point loads normal to the pile" box:

There is no load to be defined for this example (the only load applied to the pile is curve
9(2)).

"Prescribed displacements at pile head" box:

We will prescribe a null displacement at pile head.
The data to be input is therefore as follows:

Tick box Values
y (m) Yes 0,00
o (rad) No -

"Multiple loads at the pile head" box:

e Leave "Activate the multiple loading at pile head" box unticked.

"Distributed loads normal to the pile" box:

e Leave "Activate distributed loads" box unticked.
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G.4.2.2.6."Free g(z) soil displacement" tab

oo

\E| Pile 1/1 : Exemple 02a \E\ @ @ \i|

| & Parameters | & Soilfplle | & External losds on pie [ & Free o(z) soi displacement |

Free g(z) soil displacement

9(z)

(m:[ [ Define a giz) displacement
Reference elevation : 0.0 m

or-

-120m

sI-

-18.0m

og-

T opti 5 -1,
A .
Symb. Nomination Visible CE ECT wizard Ei Import & Piecoef+ lateral displacement
E Soil ]
O Calculation ————————————————
Cross-section S

ﬂ Pile # E " U Start calculation ) ( . See resuts |

v —

"g(z) definition" box:
e Click "Define a g(z) displacement” box.

e Open g(z) wizard by clicking q button to calculate the displacement values. The
data to be input is described below.

Note: The free g(z) displacement can be input directly by any (z, g(z)) pairs. In
particular, the "z" values need not be compatible with the pile mesh. Indeed, the
calculation engine systematically applies a re-interpolation of these values to express
the g(z) values at the calculation points.

"Definition of compressible horizon" box:
e Horizon roof elevation Z1 (m): here, this is the roof of the soft clay layer (elevation
-2,0 m).
e Base elevation of the horizon Z2 (m): here, this is the base of the soft clay layer
(elevation -12,0 m). The prescribed g(z) curve therefore concerns only the
thickness of the soft clay layer.

"Dimensionless definition" box:
e Polynomial coefficients Al, A2, A3 and A4 (values proposed by default as a
function of curve type (I or II).
e EC7 curve:
v |: General case
v |I: Case of a layer less deformable on surface of a substantial height (> 0.3
x D) which is the case here.

Amplitude box:
e  Gpax(m) = maximum horizontal displacement of soil, taken equal to 5 cm.
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The data to be input is as follows:

Z1 (m) Z2 (m) Curve Al A2 A3 A4 Gmax (M)
-2,0 -12,0 Il 0,50 1,50 0,00 -2,00 0,05
f Wil g(z) wizard using the Eurocode 7 @1

~Definition of compressible horizon

Horizen roof elevation Z1 (m)
Base elevation of the horizon Z... 3

~Dimensionless definition

a1 EC7 curves
w2 )
o [ (@)
a

- Amplitude
G [

m) 0,5000] ]

max

0(2)=G,, , (A1+AZZ=A3Z +AZ") with Z=(Z1-2](Z1-Z2)

o) (=)

Click button to import g(z) curve thus generated into current project.

This g(z) curve is represented (in green) on the project cross-section.
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G.4.2.3. Calculation and Results

G.4.2.3.1.Calculation

Click (¥ Start calculation ) button.

To see the results in table and graph form, click (¥ See results ) button.

G.4.2.3.2.Results

Main curves:

<
> Pie famity  No famiy  (Groupie parameters ) |4

setec

Back to the ind
(< Backiothe ndex )

Deflection
0o

X (m) (pile local coordinate system)
o

000 001 002 003 004
Lateral displacement (m)

_LPHE displacement y(z)

| Projected free sl displacement (z)

Min/Max bounds-

005

Bending moment

0o ~
05 ;

12

15 :

20

2 (m) (pile local coordinate system)
o
a

o
-1000 -500 o 500
M (kN.m)

_1_ Bending moment

Min/Max bounds-

shear force

coordinate system
-
o

T (kN)

Win/Mazx bounds

Lateral soil reaction

X (m) (pile lacal coordinate system)
=

a 200 200 o0
p (kPa)

"\ tateral soil reaction

Min/iax bounds

200

Min :[-7,89E-04 m | max :[271E02m

|| | min:[-96¢16 kim | max : 775,45 wim

| | main :[-se7,64 a0

| max :[485,83

| min:[-11427 Pa | max:[737.58 kpa

Deflection: lateral
displacement (cm)

Min Max

Bending moment
M (kKN.m)

Min Max

Shear force
T (kN)

Min Max

Lateral soil reaction
p (kPa)

Min Max

-0,1 2,7

-964 776

-448 467

737

-114

The introduction of a free g(z) soil displacement is represented in the calculation by a lateral
reaction not proportional to the pile displacement y(z) but to the relative displacement of the
pile with respect to the soil y(z) — g(z), which explains why a negative reaction is obtained on
the height of the clay layer as the obtained displacement of the pile is lower than the free soil

displacement.

Click (_Groupie parameters ) button to obtain the stiffness coefficients (as in example 1, these are

given here for information purposes but will not be used for example 2):
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ui Groupie parameters I&
/ . £ £ V ! 0
‘Iw head pz pﬁ @ Tead le“
Py g P3 Ty Mg
1,3381E05  -1,2739E05  2,8643E05 -330,49 140921

setec

( Expot ) ok )

The obtaining of a non null term at origin (TO, MO) is synonymous with a nonlinearity of the
apparent behaviour at pile head. This can be explained both by a partial plastification of the
soil or by the application of a load on the pile other than the one at the head.

Click ( 4& Backtotedata ) button to return to presentation of various types of results, then
click "Formatted results".

These results notably include the detail of the g(z) curve.

Déformée libre du sol
Noeud cote abscisse g(z) g({z)-projetée
011 —-2.000 2.000 0.0250 0.0250
012 -2.333 2.333 0.0275 0.0275
012 -2.333 2.333 0.0275 0.0275
013 -2.667 2.667 0.03200 0.03200
013 -2.667 2.667 0.0300 0.0300
014 -3.000 3.000 0.0324 0.0324
014 -3.000 3.000 0.0324 0.0324
015 -3.333 3.333 0.0348 0.0348
015 -3.333 3.333 0.0348 0.0348
016 -3.667 3.667 0.0370 0.0370
016 -3.667 3.667 0.0370 0.0370
017 -4.000 4.000 0.0332 0.0332
017 —4.000 4.000 0.03%2 0.03%2
018 -4.333 4.333 0.0412 0.0412
018 -4.333 4,333 0.0412 0.0412
019 -4.667 4.667 0.0431 0.0431
013 -4.667 4.667 0.0431 0.0431
020 -5.000 5.000 0.0448 0.0448
020 -5.000 5.000 0.0448 0.0448
021 -5.333 5.333 0.0463 0.0463
021 -5.333 5.333 0.0463 0.0463
022 -5.667 5.667 0.0476 0.0476
022 -5.667 5.667 0.0476 0.0476
023 -6.000 6.000 0.0486 0.0486
023 -6.000 6.000 0.0486 0.0486
024 -6.333 6.333 0.0494 0.0494
024 -6.333 6.333 0.0494 0.0494
025 -6.667 6. 667 0.0438 0.0438
025 -6.667 6.667 0.0438 0.0438
026 -7.000 7.000 0.0500 0.0500
026 -7.000 7.000 0.0500 0.0500
oz27 -7.333 7.333 0.0438 0.0438
oz27 -7.333 7.333 0.0438 0.0438
028 -7.667 7.667 0.0493 0.0493
028 -7.667 7.667 0.0433 0.0433
029 -8.000 8.000 0.0484 0.0484
023 -8.000 8.000 0.0484 0.0484
030 -8.333 8.333 0.0471 0.0471
030 -8.333 8.333 0.0471 0.0471
031 -8.667 8.667 0.0454 0.0454
031 -8.667 8.667 0.0454 0.0454
032 -9.000 9.000 0.0432 0.0432
032 -9.000 9.000 0.0432 0.0432
033 -9.333 9.333 0.0406 0.0406
033 -9.333 9.333 0.0406 0.0406
034 -9.667 9.667 0.0374 0.0374
034 -9.667 9.667 0.0374 0.0374
035 -10.000 10.000 0.0338 0.0338
035 -10.000 10.000 0.0338 0.0338
036 -10.333 10.333 0.0296 0.0296
036 -10.333 10.333 0.0236 0.0236
037 -10.667 10.667 0.0249 0.0249
037 -10. 667 10.667 0.0249 0.0249
038 -11.000 11.000 0.0196 0.0196
038 -11.000 11.000 0.0136 0.0136
039 -11.333 11.333 0.0137 0.0137
039 -11.333 11.333 0.0137 0.0137
040 -11.667 11.667 0.0072 0.0072
040 -11.667 11.667 0.0072 0.0072
041 -1z.000 12.000 0.0000 0.0000
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G.4.2.4. Calculation variant with a more flexible pile
Click (4@ Backtothedata ) button to modify the data.
G.4.2.4.1.Modification of pile characteristics
g « Pile 141 : Exemple 02a | jp @@ i3
] | Parameters [0 Solipie | o Exernal loads on pie | O Free g(z) soi displacement |
Soil/pile
Solllayers d N\ /p
I Name | Calour | Zoase Ey a \ Ry B
m)I 1 Base layer 2,0 2,00£04| 0,33 035 | 700,01 1000,00]
= Reference elevation : 0.0 m 2 Soft clay 12,00 2,00E0 0,50} 035 ) 100,00 200,00
3 Dense sand ~18,0 3,00E04 033\ 0,3 2500,0 3500,00|
20m
zom udl| Lavers number:3 -ﬁmﬂm ‘ i ._ % .
(O] Consideration of shear force /\
| Hame n / & \ n
B 2,00 [ 730y | 10
10,01 | [EEEIN | 30
180 m K 6,01 \ 737e03 [ 20
opt
Symb.. Nomination Visible ke Divigions number : 60 %.i
B Soil ]
i Caleulation—————————————————
e @ ||| e Tl [ T | [W)

In the "Soil/Pile" tab, modify the diameter of the pile and its El product:

"Soil layers definition" box:

e Drilling diameter B: 0.35 m for the three soil layers.

"Pile discretisation" box:

e Pile product of inertia EI = 7366 kN.m? over complete height (always calculated for a
10,000 MPa modulus).

Save the project with a different name: "Example 02ab" for example.

Start the calculation by clicking button.
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G.4.2.4.2.Results

Pie family : Ho famiy  ( Groupie parameters ) di‘ (4t Backtothe index |
Deflection Bending moment Shear force Lateral soil reaction
0o 0o oo 0o
05 s os os
10 10 10 10
15 15 15 15
20 20 20 20
28 28 28 28
20 ED ap ap
35 as as as
40 a0 a0 a0
as as as as
50 50 50 50
= &5 = ss = ss o ss
g a0 é a0 g 60 g 6.0
g 685 i 85 ; 65 ; 6.5
w70 w70 o700 " 70
& 78 = 78 R & 78
C 80 C 80 c B8O c B8O
= 85 E 85 = B85 2 B85
5 5 5 5 B
g eo g oo 8 o g eo
w 98 - 95 & 85 & 85
S 100 2 1o S 100 5 100
o 10,5 o 105 o 105 o 105
a 1.0 a 110 o 110 a 11,0
:11‘5 :11‘5 :11‘5 :11.5
E 12,0 é 120 é 120 é 120
® 125 X 128 X 128 X 128 :
130 13,0 13,0 130
135 135 135 135
14.0 140 140 140
135 145 135 135
15.0 150 150 150
15,5 168 158 1885
180 18,0 18,0 180
185 185 185 185
70 170 170 178
175 175 175 175
180 180 180 180
0.00 0.01 0.02 003 004 005 40 -20 ) 20 40 80 B0 100 80 60 40 20 o 20 40 &0 200 ) 200 400 800 8OO 1000
Lateral displacement (m) M (kN.m) T (kn) p (kPa)
_L pile displacement y(z) _L Bending moment _L Shear force _L Lateral soil reaction
| Projected free soil displacement g(z)
Minlax bounds Minfliax bounds: Minflax bounds: Minfltax bounds:
Min :[-5,53E-04 m | max : [5.06E-02m || win:[-3278 im | Max :[75.19 m || |min:[-s3.88kn | max :[56,01 kn ] || main 2 [-165.06 kPa | Max : 344 60 kP2

Comparison of results:

Deflection:
lateral
displacement
(cm)

Bending
moment
M (kN.m)

Shear force
T (kN)

Lateral soil reaction
p (kPa)

Min Max Min

Max

Min

Max

Min

Max

-964

776

B=10m

-0,1

2,7

-448

467

-114

737

B=0,35m

-0,1

51

-93

56

-165

945

Note that the 0,35 m diameter pile is more flexible and therefore more closely follows the free
soil displacement: the maximum pile displacement of 5.06 cm is very close to that of the free
d(z) soil displacement. This is also represented by a low reaction mobilised in the clay layer.

Also, the pile "takes" lower loads and the moments and shear forces are therefore much
lower in the pile.

Click (&2 sacktomencex | button then (<& Backtothedata ) button to go back to the data.
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G.4.2.5. Step 2: Manual input of mobilisation law

We will now take the previous example (variant with B = 0,35 m), but opting for manual input
of the 3-plateau mobilisation law (rather than for an elastoplastic behaviour based on the
results of the pressuremeter test).

Let us start by displaying the formatted results of the previous step (calculation for flexible
pile, where B = 0,35 m).

Caractéristiques des couches (données utilisateur) 3
couche  base £1 = alpha 8 bt b1
H
ol -2.00 0.737E+D4 20000.00 0.33 0.350 Foo.00 1000.00
oz -1z.00 0.737E+04 2000.00 0.50 0.350 100.00 200.00
03 15,00 0:737E+04 30000.00 0033 0.350  2500.00 3500.00
Discrétisation du pieu CParamétres du calcull L
E1ément w0 ez < i LB ks2*B D
ool 0.z200 0.7266E+04 0.5522E+05 0.2450E+02 0.2766E+05 0.2500E+02
00z 0200 0.7366E+04 0.5532E405 0.2450E+03 0.2766E405 0135006403
ooz 0.200 0.7366E+04 0.5532E+05 0.2450E+03 0.2766E+05 0.3500E+03
o4 0.200 0.7366E+04 0.5532E+05 0.2450E+03 0.2766E+05 0.3500E+03
005 0200 0.7366E+04 015532405 0. 2450E+03 0.2766E405 0135006403
aoé 0.200 0.73EEE+04 0.553ZE+05 0.2450E+03 0.27EEE+05 0.3500E+03
oor 0.200 0.7366E+04 0.5532E+05 0.2450E+03 0.2766E+05 0.3500E+03
008 0200 0.7366E+04 015532405 0. 2450E+03 0.2766E405 0135006403
aos 0.200 0.7366E+04 0.5532E+05 0.2450E+03 0.276EE+05 0.3500E+03
o1o0 0.200 0.7366E+04 0.5532E+05 0.2450E+03 0.2766E+05 0.3500E+03
o011 0:333 0.7366E+04 0. 4454E104 03500102 0.2247E404 0.7000E+02
01z 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
o013 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
ol4 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
015 0:333 0.7366E+04 04434104 0.3500E+02 0.2247E404 0.7000E+02
olé 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
o7 0.332 0.7266E+04 0.4434E+04 0.2500E+02 0.2247E+04 0.7000E+02
013 0:333 0.7366E+04 0. 4454E104 0.3500E+02 0.2247E404 0.7000E+02
: 12 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
: ozo 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
021 0:333 0.7366E+04 0. 4454E104 003500102 0.2247E404 0.7000E+02
0zz 0.333 0.73EEE+04 0.4434E+04 0.3500E+02 0.224T7E+04 0.7000E+02
0z3 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
024 0:333 0.7366E+04 0. 4454E104 003500102 0.2247E404 0.7000E+02
0z5 0.333 0.7366E+04 0.44534E+04 0.3500E+02 0.2247E+04 0.7000E+02
0zé 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
027 0:333 0.7366E+04 0. 4454E104 003500102 0.2247E404 0.7000E+02
0za 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
ozs 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
LEd) 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
031 0:333 0.7366E+04 04434104 0.3500E+02 0.2247E404 0.7000E+02
03z 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
033 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
034 0:333 0.7366E+04 04434104 0.3500E+02 0.2247E404 0.7000E+02
[iELy 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
0ze 0.332 0.7266E+04 0.4434E+04 0.2500E+02 0.2247E+04 0.7000E+02
037 0:333 0.7366E+04 0. 4454E104 0.3500E+02 0.2247E404 0.7000E+02
kL] 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
LEE) 0.333 0.7366E+04 0.4434E+04 0.3500E+02 0.2247E+04 0.7000E+02
040 0:333 0.7366E+04 0. 4454E104 003500402 0.2247E404 0.7000E+02
041 0.300 0.73EEE+04 0.3238E+05 0.8750E+03 0.4143E+05 0.1225E+04
04z 0.300 0.7366E+04 0.8238E+05 0.8750E+03 0.4143E+05 0.1225E+04
043 0300 0.7366E+04 0. 8258E+05 0.6750E+03 014142405 0.1225E404
044 0.300 0.7366E+04 0.8238E+05 0.8750E+03 0.4143E+05 0.1225E+04
045 0.300 0.7366E+04 0.8238E+05 0.8750E+03 0.4143E+05 0.1225E+04
046 0.300 0.7366E+04 0.3238E+05 0.8750E+03 0.4143E+05 0.1225E+04
047 0300 0.7366E+04 0. 8258E05 0.6750E+03 0.4143E405 0.1225E+04
o048 0.300 0.7366E+04 0.8238E+05 0.8750E+03 0.4143E+05 0.1225E+04
o043 0.300 0.7366E+04 0.8238E+05 0.8750E+03 0.4143E+05 0.1225E+04
050 0300 0.7366E+04 0. 8258E05 0.6750E+03 0.4143E405 0.1225E+04
os1 0.300 0.7366E+04 0.8238E+05 0.8750E+03 0.4143E+05 0.1225E+04
sz 0.300 0.7266E+04 0.8238E+05 0.8750E+02 0.4143E+05 0.1225E+04
053 0300 0.7366E+04 0. 8258E+05 0.6750E+03 014142405 0.1225E+04
os4 0.300 0.7366E+04 0.8238E+05 0.8750E+03 0.4143E+05 0.1225E+04
055 0.300 0.7366E+04 0.8238E+05 0.8750E+03 0.4143E+05 0.1225E+04
056 0300 0.7366E+04 0. 8258E+05 0.6750E+03 014142405 0.1225E404 L
as7 0.300 0.73EEE+04 0.3238E+05 0.8750E+03 0.4143E+05 0.1225E+04 pos
DsmBR012 | Frangais Licence : Temazol Type de olé : Réseau [13:83:48 : Caloul fini awee |e moduls Piscosts

This screen shows the values of the parameters defining the mobilisation law constituted by
the calculation engine based on the pressuremeter data. This is a three-plateau law (see
figure below) characterised by:

e Soil reaction coefficient at 1st plateau ks1 (kPa/m)

e Creep pressure (net) of soil P1 at 1st plateau (kPa)
e Soil reaction coefficient at 2nd plateau ks2 (kPa/m)
e Limit pressure (net) of soil P2 at 2nd plateau (kPa)

In the formatted results, each of these values is given multiplied by the pile diameter B (0,35
m in this case).
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i Help for data input for different plateaux [ﬁ

soil
reaction (kPa)

A

(3™ plateau)
P2 |-

ks, (2" plateau)
Py f-=----

ks, (15t plateau)
relative
displacement

-

- ¥-9

We will now reintroduce these parameters into Piecoef+ in mobilisation law manual input
mode to illustrate this functionality.

G.4.2.5.1."Parameters" tab

Return to data definition and to "Parameters” tab.
Calculation type box:

e drop-down list 1: conserve "Pile calculation under transverse loads"
e drop-down list 2: select "by manual input (3 plateaux)"

"Calculation parameters" box:

¢ Modify the title of the calculation.
e Leave the other parameters unchanged.

| Pile 111 : Example 02b | jp @EI L]

T Parameters | U Soiliple | & External loads on plle | & Fres o(z) 5ol displacement

General settings

- Calculation typ:

» % Plecalculation under transverse loads
>

'@ by manualinput (3 plateaux) ~

- Calculation

Calculation title ‘ Example 02b ‘

Reference elevation (m) [ 0,00[Z]

0,00[Z]

Inclination angle of the pile (*) [

Pile famiy [ Mo famiy [~]

( Load ncrementation._ )
((Coad ncrementation_)

Calculation

[I\a Start calculation ) () See resuls ‘
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G.4.2.5.2."Soil/Pile" tab

The data

to be

input is

ksl (kPa/m) and k<2 (kPa/m).

The values to be input have been calculated from the formatted results given on screen copy
(by dividing each of the terms presented by B):

that

described previously: P1

‘; terrasol

setec

P2 (kPa),

kel (kPa/m) P1 (kPa) ks2 (kPa/m) P2 (kPa)
Subgrade 158057 700 79028,5 1000
Soft clay 12840 100 6420,0 200
Dense sand 237086 2500 118543 3500
| Pie 111 - Example 020 | j- [®) @&
J @ Parameters | O Soliple | & External loads on pile | Free o(z) soi sisplacement |
Soil/pile
S e B e - e e P :
@ Layers number - 3 o | |5
[ Consideration of shear force
Divisions number : 60 '3‘@ *

Start the calculation by clicking (¥ Start caleulation ) button.
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G.4.2.5.3.Results

i Pl famiy : No famity  (_ Groupie parameters ) (&t Backiothe index )
Deflection Bending moment Shear force Lateral soil reaction
0o 0o 0o 00
05 05 05 05
10 10 10 10
15 15 15 15
20 20 20 20
25 25 25 25
30 ao ao 30
s as as a5
40 ap ap 40
45 a5 a5 a5
50 50 50 50
— 55 —~ &5 —~ &8 = &5
5 eo £ ao 5 o 5 eo
@ s (Y] : 7 es 7 es
o 7o i 70 b 7o B G
% 78 £ 78 2 75 2 78
(=K =Y c 8o S 80
2 s T 85 =T T es
G 5 B G G
g oo g eo g eo g eo
w 98 w 98 = 85 = 85
S oo [ 0 oo 0 oo
o 105 o 105 o 108 o 105
a 110 5 110 G110 G110
s =18 s s
E 20 E 120 E 20 E 120
X 125 X 125 X 125 X 125 :
13.0 130 130 130
135 135 138 135
140 140 140 140
145 145 145 145
150 150 150 150
155 155 155 155
18,0 180 180 180
185 185 185 185
17,0 7.0 170 170
175 175 175 175
18,0 180 180 180
000 081 002 ©0o3  0p4  00s -40 20 o 2 @ &0 10 B0 B0 -0 20 0 20 40 &0 200 0 200 40 80 BOD 1000
Lateral displacement (m) M (kN.m) T (kN) p (kpa)
"\ File displacement y(z) T\ sending moment \_ shear force L Lateral soil reaction
_LPl'ﬂJetted free soil displacement g(z)
Min/Max bounds WinMax bounds Min/lax bounds Min/Max bounds
Min :[-553E-04m | Max:[5.06E02m ||| min:[-3278 k0m | Max :[75.19 ktim || | min:[-s349 k0 | Max :[58,01 n | min:[-185,07 kPa | Max :[342 50 kPa

To within one or 2 roundings-off (small differences due to the rounding off of ksl and ks2
values), the results are the same as those of the previous calculation as can be expected.

This functionality can be used in the situation where the soil reaction mobilisation law is
defined using data other than pressuremeter data.

Moreover, let us point out that the law constituted by default by the calculation engine is valid
for a slightly slender single pile of circular or rectangular envelope section. Considering a
group effect or a slender rectangular section (rectangular pile) can affect the calculation of
the various plateaux and require either a correction of the pressuremeter parameters to be
input into the model or a direct manual definition (refer to User's manual).

Copyright © Foxta v3 — 2011 - June 2015 issue 77/101




" terrasol

PIECOEF+ — Foxta v3 user’s manual

setec

G.4.3. Example 3: Calculation of a metallic shaft under multiple loads at head

This example considers the case of a metallic shaft of hollow circular section (2 m in
diameter and 5 cm thick) submitted to a transverse trapezoidal distributed load at its upper
part and to different head load cases.

This metallic shaft is 10 m deep and passes through 2 soil layers: alluvium at head then a
substratum.

We neglect the lateral reaction of the soil on the alluvium layer thickness (3 m at head).

The example is done first without considering the shear force displacements then, in a
second step, considering the shear force displacements.

Reference elevation : 2.0 m

Z (m)I

-8.0m

G.4.3.1. Datainput

e Choose to create a new project by selecting radio-button.
e Click button.

If Foxta is already open, click "File", "New project" menu.
G.4.3.1.1.New project wizard

"File" box
«  Complete file path by clicking =) button.
e Give a name to the file and save it.

"Project" box
e Give the project a title.

o Enter a project number.
e Add a comment if required.
e Leave "Use the soil database" box unticked (we will not use the database for this

example) and click button.
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r 3
New project wizard &J
New project
Fil
[ File path (*} | rcuments\Logiciels TerrasolFoxtav3\picoe AMTO\Exemple 03 a.fxp K )
r Project
Project title (*) : | Example 3a
Project number (*) | Example 3a
Comments :
(*) These fields are required |:| Use the soil database Back

G.4.3.1.2.New project wizard: Modules to use

In "Modules to use" window, select Piecoef+ module then click

Create ) putton.

=)

-
fiil New project wizard
Modules to use
Modules
—— "
Y e
- = a A
« ¥y
TASPIE+ PIECOEF+ TASPLAQ TASHEG
¥
Ty 1
- !
1
TASSELDO FONDSUP FONDPROF GROUPE+
1 selected module(s) D Use the soil database

The Piecoef+ data input window is displayed.
Complete the various data tabs on the right-hand zone of the screen.
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G.4.3.2. "Parameters" tab

< Pile 111 : Example 3a | j @@ ]

T Parameters | © Soifile | & Exernal loads onpile | O Free g(z) sail displacement

General settings

Calculation typs

Pile calculation under transverse loads. v

>4
[P

{ l based on pressuremeter data input (slasto-plastic) v

®
> if short term Ioads applied at pile head are dominant v
»

Calculation par

Calculation title | Example 3a ‘

Reference elevation (m) [ 200[ ]

Incination angle of the pile (°) [ o00[Z]

Pile: family [ o tamiy [¥]
ETTE———
("Load ncrementation... )

Calculat

[\u Start Dalcu\atlnn/ % See results

"Calculation type" box: select

e drop-down listl: Pile calculation under transverse loads
e drop-down list2: Based on pressuremeter data input (elasto-plastic)

e drop-down list3: If short term loads applied at pile head are dominant (the load cases
studied correspond here to variable loads and not to permanent loads)

"Calculation parameters" box:

Calculation title: Exemple 3a

Reference elevation: 2,0 m

Inclination angle of the pile: 0° (vertical pile)

Pile family: no family

Load incrementation: here, we will conserve the default values.

To go to the next tab, click either name of "Soil/Pile" tab or button.
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G.4.3.3. "Soil/Pile" tab

This tab is used to define soil layer characteristics and pile discretisation.

<
oo >| | ={| Pile 1/1: Example 32 | b @@ L]

| Parameters [ O Soilie | < External loads on pile |  Fres o(z) soi displacement |

Soil/pile

- Soill

o W  Name Colour z, ] Eum] o ‘ = ‘ o | o
1 |Anvium 1,00 1,006-01 0.33 2,00 0.19 0,10
F [substratum 8,00 2,00E05| 0,25 2,00 4000,00] 6000,00

Reference elevation : 20 m
z (mJI
o

| | Levers number -2 L] i .' 6"‘) .
) ‘ (] Consideration of shear force
007 " i - ui - S‘UBEWi 2"0
| 0 3,08E07] &0
Lj_ Su;’\‘:ms ; K Divisions number - 80 %.j
Sl - . 9 S B
"Soil layers definition" box:
The data to be input is:
Name Zypase (M) | Ey (kPa) a B (m) Pf* (kPa) | PI* (kPa)
Alluvium -1,0 0,1 0,33 2,00 0,10 0,10
Substratum -8,0 200000 0,25 2,00 4000 6000

Note that the characteristics have been voluntarily reduced in the alluvium thickness (first 3
metres from surface): this corresponds to the neglected lateral reaction assumption in this
3 m thickness.

Note: It is preferable to input very low values rather than null values.
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"Pile discretisation" box:

The data to be input is as follows:

o Keep "Consideration of shear force" box unticked.

Name h (m) El (kN.m?) n
Alluvium 3,0 3,06E7 20
Substratum 7,0 3,06E7 60

El product is calculated here as follows for a 2 m hollow circular metallic
thickness of 5 cm:

4 4
”Dext _ ”Dint

El =E —_—
steel 64 64

=3.06 x 10" kN.m2

G.4.3.4. "External loads on pile" tab

setec

section with a

<
3| | | pie 11 : Exemple 3a | E @ ]
= | @ Parameters | O Soiljpile [ O External loads on ple | & Free g(z) soil displacement |
I |
-Point loads normal to the pil
I z T " K c A
0 2,01 0,0 0,0 0,00€00 0,00E00)
ol 1 1,01 0,00 0,00 0,00E00 o 00E00]®
2 3,01 0,00 0,00 0,00€00 0,00E00)
Reference elevation : 2.0 m
2 |
°l o
“.0m
- Mulliple loads at the pie head
@ Activate the multiple loading at pile head
£ T "
1 4000,00 5000,00
vt 2z 6000,00 0,00
3 8000,00) ~15000,00
4 0,00 -15000,00
0m
: o T ]
~Distributed loads normalto the pi
[ Activate distributed loads
N | 1 | z2 | Load 1 | Load 2
1 | 2,00 -1,00 0,00 1500,00
= 2 | EXT| 5,00 0,00 0,00
opt
A .
Symb.. Nomination Visible
== Soil ]
Calculation —————————————————
® Cross-section
\ Pile [Ci} & Start calculation 2 See results
v

For our example, we will define a distributed load normal to the pile between elevations 2

and -1, and several different load cases at pile head ("multiple loads at the pile

"Point loads normal to the pile" box:

There is no data to be input in this box for this example.

head").
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"Multiple loads at the pile head" box:

PIECOEF+ - Foxta v3 user’s manual

o Tick "Activate the multiple loading at pile head" box and add a line for each load case

with 4] button.

The data to be input is as follows:

Ne T (kN) M (kN.m)
1 4000 5000
2 6000 0,00
3 8000 -15000
4 0 -15000

"Distributed loads normal to the pile" box:

The data to be input is:

Top level of the load Z1 (m) (elevations proposed automatically at layer limits)
Base level of the load Z2 (m) (elevations proposed automatically at layer limits)
Load value at the head of the layer Load 1 (kPa)

Load value at the base of the layer Load2 (kPa)

The data to be input is as follows:

o Load 1 Load 2
N Z1(m) Z2 (m) (kPa) (kPa)
1 2,0 -1,0 0 1500
2 -1,0 -8,0 0 0

The defined distributed load corresponds to a trapezoidal load applied between elevations 2
and -1. This load is represented on the project cross-section.

G.4.3.5. "Free g(z) soil displacement" tab

No data to be input in this tab.

G.4.3.6. Calculation and Results

G.4.3.6.1.Calculation

Click (

oy e e i
W Start calculat»on) button.

. . (O —
To see the results in table and graph form, click (¥ See results ) button.
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G.4.3.6.2.Results

Main curves

Pile farmily - No family upie parameters

setec

<l Backto the index

e
I's

Deflection \ Bending n nt Shear force La)eﬁ r&(inn
00 00 0.0
05 05 05 05
10 10 10 10
15 1.5 15 15
20 20 20 20
25 25 25 25
~ 30 ~ 30 . 30 ~ 30
£ £ £ £
T 3 g 3
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Comments on results:

For the 3 load cases, we find that the lateral reaction is null between a depth of 0 and
3m.

For each load case, we find the prescribed conditions (T, M) at pile head.

The first 3 load cases (T value not null) lead to same type of pile behaviour: maximum
displacement at pile head, oriented towards the right (in direction of prescribed force
T), maximum moment at the antinode, null moment and shear force at pile base,
saturation of lateral reaction (plastification) of the soil over a thickness from 1.0 to 1.5
m under the neglected lateral reaction area.

The last load case (high negative moment at pile head with T=0) gives a different
behaviour: maximum lateral displacement at pile head but oriented towards the left
(due to negative moment at pile head), maximum moment at pile head
(corresponding to the prescribed value of 15000 kN.m), no soil plastification (the pile
moves in the other direction and much less than for the first 3 load cases).

G.4.3.7. Step 2: Considering shear force displacements

Here, we take the same example, but this time considering the shear force displacements.

The contribution of these displacements is generally negligible when the "length/diameter"
ratio is higher than 10 or event 20 (thin beam assumption). For slightly slender piles such as
shafts for example, this assumption is no longer valid and the general thick beam model may
need to be adopted which requires the definition, in addition to the product of inertia, of the
shear stiffness GS' taken as equal to the product of the shear modulus G and the reduced
section S' (refer to User's manual).

G.4.3.7.1.Data modification

To modify data, click (4@ Backtothedata ) button and return to "Soil/Pile” tab:

"Pile discretisation" box:

Tick "Consideration of shear force" box.
The GS' column (Shear stiffness - kN) is displayed.
Input value 1,237°7 kN in this column for the two layers.

This value is obtained by the product of shear modulus G of the pile and its reduced
section S' (for a hollow circular section, the reduced section S' is taken as equal to
half of the total pile section, k = 0.5).

E  21010°

(3 = - =

2(l+v) 2(1+0,3) -0 770MPa
S-:§:£(D2 -D2 ) = 0,1531 m?

2 8 ext Int - Y,
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= Pile 1/1 : Example 3 step 2 | o @ IE -
|4 & Parameters [ O Soilipile ] & External loads on pile ~|' U Free o(z) soil displacement ‘|
r Soil layers definition
N Name Colour Zinee Ey a B L B
1 Wduvium 1,0 1,00E-01 033 2,01 0,1 0,10
2 Substratum .00 2,00E05] 025 2,00 4000,00) 6000,00
J Layers number : 2 ‘ i .I% >
r Pile discrefisal N
(| Consideration of shear force )
n £ /  GS n
3,01 3,00E07) 124807 ) 20
bs 7,0 3,06E07] \ 124607 ) 80
Divisions number : &0
Calculation ——————————————————
< T

[lkey type : network

[11:12:17 - Cpening the Fiscost= module

Save the project under a different name: "Example 03b" for example.

Start the calculation by clicking button.

<l Backto the index
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Comparison of results:

Deflection: lateral Bending moment M Shear force T
displacement (cm) (kN.m) (kN)
Min Max Min Max Min Max
Load No. 1
Without shear force -0,1 1,76 0,00 26015 -6885 8500
displacements
Load No. 1
With shear force -0,1 2,12 0,00 26015 -6647 8500
displacements
Load No. 2
Without shear force -0,1 2,13 0,00 29387 -8007 10500
displacements
Load No. 2
With shear force -0,2 2,61 0,00 29387 -7768 10500
displacements
Load No. 3
Without shear force -0,1 1,69 -15000 23265 -6544 12500
displacements
Load No. 3
With shear force -0,1 2,20 -15000 23265 -6365 12500
displacements
Load No. 4
Without shear force -0,3 0,1 -15000 121 108 4500
displacements
Load No. 4
With shear force -0,3 0,0 -15000 0 0 4500
displacements

Consideration of shear force displacements has only a small influence on the loads.
However, the amplitude of the displacements is increased by around 25% which implies a
reduction of apparent stiffness at pile head of 25%.

Moreover, note that by considering the shear force displacements, the distortion and the first
derivative of the deflection are no longer equal.
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G.4.4. Example 4: Buckling and 2nd order: study of buckling of a micro-pile

Here, we consider a micro-pile made in a 0.25 m diameter and 13 m long borehole assumed
perfectly clamped at pile head.

This example illustrates 2 aspects (dealt with in 2 steps):
e A specific buckling calculation (evaluation of critical buckling load).

¢ A qguantification calculation of the second-order effects under the effect of a
transverse load.

4 (m)I
Reference elevation : 0.0 m

-4.0m

-100m

-13.0m
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G.4.4.1. Step 1: Buckling calculation

G.4.4.1.1."Parameters" tab

= | Pile 111 : Example 4 | = @ @ -
Im] & Soiipile | & External loads on pile | & Inflial pile deflection
f

General settings

- Calculation typ

Specific buckiing calculation v

|4 by manual input v

i Calculation parameters

Calculation title | Example 4 |
Reference elevation (m) | u‘uu| 3 |
Inclination angle of the pile (*) | u‘uu|3|
Pile family | No famity |v|

Load incrementation.

Calculation

{ O Start calculation ) |« See resulis ‘ E

"Calculation type" box: select

e drop-down listl: Specific buckling calculation
e drop-down list2: By manual input

"Calculation parameters" box:

Calculation title: Example 4a

Reference elevation: 0,0 m

Inclination angle of the pile: 0° (vertical pile)

Pile family: no family

Load incrementation: here, we will conserve the default values.

To go to the next tab, click either the name of "Soil/Pile" tab or button.
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G.4.4.1.2. "Soil/Pile" tab

This tab is used to define the soil layers and the pile discretisation.

< -
= 3| | ={ Pile 1 : Example 4 | b= E @ L]
| @ Parameters [ o Soilbile | & External loads on pile | & Intial pile deflection |
i !
o knyeas o
M N | Name | Colour 1 A : kg I B
1 Layer 1 [ ] 4,00 2,00E04 0,25|
2 Layer2 -10,00 250603 0.25]
3 Layer3 13,00 1,00E05 0,25
m]I
- Reference elevation : 0.0 m
4.0m
o
~ [— & (@ [l
o -100m Hl

| Consideration of shear force

130m Name I h El n
4,01 1,50603] 30
6,01 1,50603) 30
3.0 1,50603] 30

SI-

0g-

Divisions number : 90 G‘g

L

£l

_ Soil ™
[\|| File [}

Calculation

[ O Start calculation ) (11 See results

@ Cross-section

| e Opti
el =

Symb. Nomination Visible
I

"Soil layers definition" box:

Create three soil layers by clicking @ button to add each soil layer. The data to be input is as
follows:

Name Zpase (M) | Ks (KPa/m) B (m)
Layer 1 -4,0 20000 0,25
Layer 2 -10,0 2500 0,25
Layer 3 -13,0 100000 0,25

"Pile discretisation" box:

The "Consideration of shear force" box is not accessible in this type of calculation.

The data to be input is as follows:

Name h (m) El (kN.m?) n
Layer 1 4,0 1500 30
Layer 2 6,0 1500 30
Layer 3 3,0 1500 30
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G.4.4.1.3."External loads on pile" tab

(| Pile 171 : Example 4 | o

© Parameters | O Soilpile [ O External loads on pile | S Initial pile deflection

setec

&

Point loads normal fo the pi

External loads on pile

0,00

4,00

K ¢ |
1,00E10 1,00E10[—=
0,00E00 0,00E00(%

~10,00

0,00E00 0,00E00

0
1
2
3

-13,00

0,00£00 0,00E00)

Muliple Ioads at the pile head

Activate the multiple load

ing at pile head

 Distributed loads normal to the pil

Activate distributad loads

Calculation

(" Start calculation ) Sez resuns
Lu Start calculation ) (s Sz resuts

1d

"Point loads normal to the pile" box:

Here we wish to define a clamping at pile head: we define therefore at pile head (elevation 0)
very high values for K and C to prevent displacements and rotations (here, this is a support
condition and not a load condition).

The values to be input are as follows:
Ne Z (m) K (kN.m) c
(kN.m/rad)
0 0,00 1,0°10 1,0°10
1 -4,00 0,00 0,00
2 -10,00 0,00 0,00
3 -13,00 0,00 0,00

G.4.4.1.4.Free g(z) soil displacement tab

This tab is not accessible here.

G.4.4.1.5.Calculation and Results

Click ( ¥ Start caleulation ) button.

To see the results in table and graph form, click

W See results ) button.
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Curves related to buckling

The only curve available in the results for this calculation is the one below (the main curves
are not available here). This window gives the potential buckling mechanism and the
corresponding critical buckling load which here is equal to 2719 kN.

Critical buckling load FCR = 2718 kN >

Mode of critical buckling

0o
05
1.0
15
20
25
an
35
40
a5
50
55
&0
85
70
75
en0

85

¥ (m) (pile local coordinate system)

o0

40 08 08 04 -02 00 02 04 06 08 10
Pile deflection

Additional results are also accessible from the formatted results file which especially gives all
of the buckling loads for each mechanism. The buckling phenomenon is liable to occur when
the axial force is close to one of these buckling loads (generally, we make sure that the axial
force remains lower, with sufficient safety, than the smallest buckling load called critical
load).
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Charges de flambement pour chaque mode

Mode

001
o0z
o0z
alal]
005
006
oo7
008
003
010
011
012
013
014
015
016
017
018
019
0z0
021
02z
023
024
0zs5
026
0z7
oz8
029
0z0
031
032
033
034
03s
036
037
038
039
040
041
042
043
D44
045
D46
047
048
043
050
051
05z
053
054
(2133
056

Charge

0.272E+D4
0.303E+D4
0.471E+04
0.553E+D4
0.613E+D4
0.744E+04
0.853E+D4
0.105E+05
0.123E+05
0.147E+05
0.166E+05
0.1BBE+0S
0.201E+05
0.221E+05
0.238E+05
0.273E+05
0.2B5E+05
0.316E+05
0.340E+05
0.374E+05
0.410E+05
0.448E+05
0.488E+05
0.530E+05
0.573E+05
0.619E+05
0.666E+05
0.715E+05
0.766E+05
0.B19E+05
0.874E+05
0.931E+05
0.9B9E+05
0.105E+06
0.111E+06
0.118E+06
0.124E+06
0.131E+D8
0.138E+06
0.145E+06
0.152E+06
0.160E+06
0.168E+06
0.176E+0D6
0.184E+06
0.192E+06
0.201E+D8
0.210E+06
0.219E+06
0.228E+06
0.237E+06
0.247E+06
0.357E+06
0.267E+D6
0.277E+06
0.288E+06

setec

Mode de flambement critique

Xn ¥n
0.000 —0.149E-07
0.133 0.523E-03
0.267 0.223E-02
0.400 0.530E-02
0.533 0.987E-D2
0.667 0.160E-01
0.800 0.238E-01
0.933 0.330E-01
1.067 0.437E-01
1.200 0.556E-01
1.333 0.6B5E-D1
1.467 0.B18E-D1
1.600 0.952E-01
1.733 0.108E+00D
1.867 0.120E+0DD
2.000 0.130E+00
2.133 0.137E+00D
2.267 0.141E+00
2.400 0.141E+00D
2.533 0.135E+00
2.667 0.123E+00
2.800 0.105E+00D
2.933 0.785E-01
3.067 0.441E-01
3.200 0.118E-02
3.333 -0.504E-01
3.467 -0.111E+00
3.600 —0.173E+00
3.733 —0.255E+00
3.867 —0.336E+00
4.000 —0.423E+00
4.200 —0.555E+00
4.400 —0.6B4E+00
4.600 —0. BOOE+00D
4.800 —0.897E+00
5.000 —0.9365E+00
5.200 —0.100E+01
5.400 —0.997E+00
5.600 —0.355E+00
5.800 —0.B74E+00
&.000 —0.756E+00
6.200 —0.605E+00
6.400 —0.428E+00
6. 600 —0.232E+00
&.800 -0.275E-01
7.000 0.177E+0D
7.200 0.373E+00
7.400 0.551E+00
7.600 0.70ZE+0DD
7.800 0.B822E+00
8.000 0. 305E+00
8.200 0. 949E+00
8.400 0.955E+DD
8.600 0.3923E+00
8.800 0. B53E+0D
9.000 0.767E+DD
5.200 0. 656E+DD
9.400 0.534E+00
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G.4.4.2. Step 2: Quantification of 2nd order effects under the effect of a transverse

load

We will use the same soil cross-section and the same pile but we will this time focus on the

guantification of the second order effects under the effect of a transverse load.
We will therefore modify the data with respect to the first step of this example.

G.4.4.2.1." Parameters" tab

< | Pile 11 : Example 4 step 2 | Jr

F@E

& Perameters | & Soifpile | O Exernal loads an pie | & Free o(z) soil displecement

General settings

- Calculation typs

File calculation under transverse oads v
@ by manual input (2 plateatnx) v
- Calculation p
Calculation tile ‘ Example 4 step 2 |
Reference elevation (m) [ 000 5]
Inciination angle of the pile (*) [ 0,00[ S
Pile famiy [0 famiy [~]
(oad D
Caleulation ——————————————————
P\b Start calculation ) (s See resulis

"Calculation type" box:

Select: "Pile calculation under transverse loads"
= "By manual input (2 plateaux)"
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G.4.4.2.2."Soil/pile" tab

‘; terrasol

< | Pile 11 : Example 4 step 2 | Jr [EHE 3
 Parameters | & Soilipile | O Edernal loads an pie | & Free o(z) soil displacement
f |
- So layers definit
N Name Colour Ziase K P B
1 Layer 1 | 4,00 2,00604 400,00 0,25
- w [—|
Layers number : 3 Datab: E.
] @ [
‘ [CJ Consideration of shear force
Hame n &l n
4,00 1,50E03) 30
600 1,50603] 30
3,00 1,50E03] 30
. & [
Divisions number : 80 @
Calculation———————————————————
{( & Start calculation ) | s See resulis ‘E

"Soil layers definition" box:

The "Plastification pressure of soil" column Pn, (KPa) has appeared (due to choice of
manual input of a 2-plateau mobilisation law).

The data to be completed is as follows:

G.4.4.2.3."External loads on pile" tab

The data of this tab remains unchanged with respect to the previous example (clamping at

Name Zpase (M) ks (kPa/m) | Pnax (kPa) B (m)
Layer 1 -4,0 20000 400 0,25
Layer 2 -10,0 2500 100 0,25
Layer 3 -13,0 100000 3000 0,25

pile head defined in the form of high values for K and C).
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G.4.4.2.4."Free g(z) soil displacement" tab

(m)I
o]

Reference elevation : 0.0m

<
> || Fie 1/l Example dstep2 |

FwE

| @ Parameters | O Soilpile | o External loads on pile_[ © Fres g(z) soil displacement |

Free g(z) soil displacement

¥ Define & g(z) displacement

Layer

m
il
= -10.0m
A13.0m

e
3
-
53

El opt

Symb. Homination Visible |

- Soil [

ﬂ - ® @ Cross-section
o v

ECT wizard I@_

z aizp
4,00 0,000~
400 00250
220 0,027¢]
-4.40 0,0300]
60 00324
480 0,034g]
500 00370
520 0,0392)
540 0.0412)
560 00431
580 0.044g}
500 0,0453)
520 0.047¢}
540 0,0458]
560 00494
50 0,045¢]
720 0,043¢}
7,40 0,0493]
760 00434
7,50 00471
50 00454
520 0,0422)
840 0.040¢]
380 0,0374)
880 00338
3,00 0,0258|
920 0.0249)
540 0,0196|»
Import a Piecoef= lateral displacement H|‘ Ii I.I%['j”

Calculation

E " U Start calculation ) | i See resuks

L

The tab is again accessible ("Pile calculation under transverse loads" mode) and we will
activate this option to impose on the pile a load in the form of an imposed soil displacement.

"Define a q(z) displacement” box:

Tick the "Define a g(z) displacement" box.

i

-
g(z) wizard using the Eurocode 7

~Definition of compressible horizon

[ o<
Base elevation of the horizon Z... H

~Dimensionless definition

Horizen roof elevation Z1 (m)

a1 EC7 curves

s -
a2 D
ae [ 20[C]

~Amplitude

G [ oos[3]

0(2)=G,, , (A1+AZZ=A3Z +AZ") with Z=(Z1-2)(Z1-Z2)

f ok ) ( Cancel )

.

To obtain the values of curve Il in 2nd layer (here, g(z) is defined between elevations
-4 and -10 m), click "Wizard" |"4| button.
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The values to be input are as follows:

Z1 (m)

Z2(m) | Curve Al A2 A3 A4 Gmax (M)

-4,0

-10,0 Il 0,50 1,50 0,00 -2,00 0,05

Save the project under a different name: "Example 04b" for example.

G.4.4.2.5.Calculation and results

. . . Y R T R T Y Y S .
Start the calculation by clicking (& Start caleulation ) button then display the results.

The results obtained call for following comments:

= Main results: these illustrate the strains and loads generated under the effect of the
lateral earth pressures. The loads obtained (bending moment) are around 18 kN.m.

= Buckling and 2nd order effects

v

v

We can see that the critical load is unchanged with respect to the calculation of
the first step. This implicitly indicates absence of any soil plastification;

The first graph compares the critical buckling mechanism with the initial
displacement of the pile obtained under the imposed transverse load. If the pile
must take high axial loads, the case of an initial displacement "imitating" the
potential buckling mechanism must be avoided as this is a situation which
favours the development of 2nd order effects;

The 2nd and 3rd graphs give the amplification of the displacements and loads
under the (2nd order) effect of an axial load from 0 to 80% of the critical buckling
load. Especially, for an axial load equal to 80% of the critical load, the maximum
bending moment is around 70 kN.m, that is around 4 times its initial value. This
observation is representative of situations where 2nd order effects affect the
design of the pile and can lead to failure by composed bending of the material
constituting the pile for axial load levels well below the critical buckling load.
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Pie family - No famity  ( Groupie parameters < Back o the index

Deflection Bending moment Shear force Lateral soil reaction
0.0 00 oo 0.0
05 05 05 05
10 10 10 10
15 1.5 15 15
20 20 20 20
25 25 25 25
30 3o 30 30
35 35 35 35
—~ 40 —~ ap —~ 40 — 40
£ £ £ £
L as L as L as 2 as
@ ] @ a
& 2 [ 2
@ 50 @ 50 & s0 @ 50
£ £ £ 2
568 88 5 66 Y 68
c £ & I~
T 60 T 80 T 60 T 60
8 8 8 8
2 65 S es S 65 S es
= = = =
5] 70 S 70 E 7.0 8 70
g g 8 8
- 75 - 75 - 75 - 75
o o o @
& &0 g &0 g a0 & &0
= e = oe Z g = e
* 90 % 80 » 80 x a0
05 2] a5 05
100 108 10,0 100
105 105 105 105
1.0 1.0 1.0 1.0
15 115 s 15
120 120 120 120
125 128 125 125
130 130 130 13.0
0o oo1 0oz 003 oo+ ops 45 a0 5 0o 5 10 15 =0 2 a5 0 5 0 5 1 15 = 400 o 100 200 a0 400 soo
Lateral displacement (m) T (kN) p (kPa)
"\ File displacement y(z) T\ shear force L Lateral soil reaction
_L Projected free soil displacement g(z)
Min/Max bounds. Miniax bounds MinMax bounds.
Min :[-9,65E-04 m | Max :[4,06E-02m ||| min: [-19,22 b | Max: 18,03 kn ]| | in :[63.28 kpa | Max : [475,57 kpa

Curves related to buckling:

&g Backto the index

Critical buckling load FCR = 2749 kN

S ———— Mode of criticall. J 2nd order calculation - Displacements amplification under axial 2nd order calculation - Moments amplification under axial force
force F applied at pile head F applied at pile head
00 oo 00
08 08 05
10 10 10
15 15 15
20 20 20
256 25 25
30 30 20
as a5 as
= 40 = ap = ag
g E =
= as 2 as L oas
ES B =
@ 50 & 50 o 50
2 2} o
5 85 & 55 & 55
c c c
T 8o T o0 T 80
g g =
2 es 8 &5 8 85
= - =
T 70 T 70 T 70
2 = =) i=)
o 7 W 70 w 75
£ 80 & 80 E &o
E 8s E es E 85
= 80 X 8p = 8o
08 25 a5
100 100 100
105 108 108
110 110 118
15 15 15
120 120 120
125 125 125
130 130 130
4p DE 08 04 02 0O 02 04 08 08 10 0,00 0,02 004 0,08 008 010 0,12 B0 70 60 50 40 @0 20 0 0 10 20 30 40 80
pile deflection Lateral displacement of pile (m) Bending moment (kN.m)
_L Mode of critical buckling _L F = 0% FCR _LF 20% FCR _LF = 0% FCR _]_ F = 20% FCR
_L D under the load _L F = 40% FCR F = 60% FCR _LF =40% FCR F = 60% FCR
_L F = 80% FCR _LF = 80% FCR
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